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; The new edition of this book originally published in 1949 results 
rom the continuing demand for a concise compilation of the sub- 
sonic aerodynamic characteristics of modern NACA wing sections 
together with a description of their geometry and associated 
erat These wing sections, or their derivatives, continue to be 
e most commonly used ones for airplanes designed for both 
subsonic and supersonic speeds, and for application to helicopter 
rotor blades, propeller blades, and high performance fans ; 
| A number of errors in the original version have been corrected 
in the present publication. The authors are pleased to acknowledge 
their debt to the many readers who called attention to these ae 
Since original publication many new contributions have heen 
made to the understanding of the boundary layer, the methods of 
boundary-layer control, and the effects of compressibility at super- 
critical speeds. Proper treatment of each of these subjects would 
require a book in itself. Inasmuch as these subjects are onl 
peripherally involved with the main material of this book ae 
ea ie any case, be treated adequately in this volume, it was 
act best to expedite republication by foregoing extensive 


: IRA H. ABBOTT 
HEVY CHASE, MD. ALBERT E. VON DOENHOFF 
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THE ©'GNIFICANCE OF WING-SECTION CHARACTERISTICS 3 


2 THEORY OF WING SECT’ ‘S : 

d section drag | prediction of wing characteristics is beyond the scope of this work, but some 
f a factor (see Fig. 8) indication of the methods is given for the case of the monoplane wing 
k a spanwise station | in steady straight flight without roll or sideslip. 

Fee: tibwon ds : The monoplane wing supports the airplane by means of a lift. force 
le additional” section lift : : teas 

L Hipaaie acount | generated by the motion through the air. This lift is defined as the com- 
mi section moment ponent of force acting in the plane of symmetry in a direction perpendicular 


an even number of stations used in the Fourier analysis of the span-load 
distribution 

u a factor (see Fig. 10) 

» a factor (see Fig. 11) 

w a factor (see Fig. 12) 

x projected distance in the plane of symmetry from the wing reference point 
to the aerodynamic center of the wing section, ineasured parallel to the chord 
of the root section, positive to the rear 

y distance along the span 

z projected distance in the plane of symmetry from the wing reference point 
to the aerodynamic center of the wing section measured perpendicular to the 
root chord, positive upward 

a angle of attack 

a section angle of attack 

a, effective angle of attack 

a; angle of downwash 

a, section angle of attack for zero lift 

ai,, angle of zero lift of the root section 

a, wing angle of attack measured from the chord of the root section 

aste0) angle of attack of the root section for zero lift of the wing 

B angle of sweepback 

e aerodynamic twist from root to tip 

nmi multiplier for obtaining the wing characteristics 
nmn multiplier for obtaining the span-load distribution 


9 
g cost(— ?) 


™ 


S 
8 
i 


Litt-drog ratio, 7D 


Qrag coetficient,Cp 
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Lift coefficient, Cy 
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Pitching momem 
coefficient, Cre 





b 
Ams Multiplier for obtaining the induced-angle distribution 
x ratio of the circumference of a circle to its diameter 
p mass density of air i 


Angle of attack, a, degrees 


Fie. 1. Typical wing characteristics. 
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to the line of flight. In addition to the lift, a force directly opposing the 


1.2. The Forces on Wings. The surfaces that support the aircraft by motion of the wing through the air is always present and is called the 


SPIE atoy tie SEE 


means of dynamic reaction on the air are called wings. An aircraft may 
have several wings which may either be fixed with respect to the fuselage 
or have any of several motions as in the case of helicopters or ornithopters. 
Regardless of the type of lifting surface, its aerodynamic characteristics 
will be strongly affected by the shape of the wing section. The wing char- 
acteristics may be predicted from the known aerodynamic characteristics 


‘drag.’ For a given attitude of geometrically similar wings, the forces 
tend to vary directly with the density of the air, the wing area, and the 
square of the speed. It is accordingly convenient to express these forces 
in terms of nondimensional coefficients that are functions primarily of the 
attitude of the wing. The lift and drag are given by the following ex- 
pressions: 


of the wing section if the span is large with respect to the chord, if the 
Mach numbers are subcritical, and if the chordwise component of velocity 
is large compared with the spanwise component. Thus the wing-section 
characteristics considered in this volume have a large field of applicability. 
A complete discussion of the application of section characteristics to the 


L = lepV*SCL (1.1) 
D = YeépV*SCp (1.2) 
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The lift and drag forces may be considered to act at a fixed point with 
respect to the wing. A complete specification of the forces acting on the 
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6 THEORY OF WING SEC. NS 


coefficient combined with low drag coefficients for high-speed and cruising 
flight. This combination of desirable qualities can be obtained only to a 
limited extent by a single wing configuration. It is therefore customary 
to use some retractable device such as flaps to improve the maximum lift 
characteristics of the wing. 


1.3. Effect of Aspect Ratio. Aspect ratio is defined as the ratio of the 


span squared to the wing area (0?/S), which reduces to the ratio of the 





Lift coefficient, Cy 
—. ©oo9#eo0dg+ta 





20° 


Angle of attack, a,{degrees) 


Fiq. 4. Lift coefficients as function of angle of attack, reduced to aspect ratio of 5. 


span to the chord in the case of a rectangular wing. Early wind-tunnel 
investigations of wing characteristics showed that the rates of change of 
the lift and drag coefficients with angle of attack were strongly affected 
by the aspect ratio of the model. Wings of high aspect ratio were ob- 
served to have higher lift-curve slopes and lower drag coefficients at high 
lift coefficients than wings of low aspect ratio. The effect of aspect ratio 
on the lift curve is shown in Fig. 228 The wings of various aspect ratios 
are shown to have about the same angle of attack at zero lift, but the 
slope of the lift curve increases progressively with increase of aspect 
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ratio. The effect of aspect ratio on the drag coefficient is shown in 
Fig. 3.8 Although the drag coefficients for all the models of various aspect 
ratios are substantially equal at zero lift, marked reductions in the drag 


1.2 
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Lift coefficient, C, 
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-.4 LET LLL 
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Drag coefficient, Cg 





Fig. 5. Polar diagrams reduced to aspect ratio of 5. 


coefficient occur at the higher lift coefficients as the aspect ratio is in- 
creased. 

As a result of such observations, the Lanchester-Prandtl wing theory 
was developed. This theory shows that, for wings having elliptical span- 
wise distributions of lift, the following simple expressions relate the drag 
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10 THEORY OF WING SEC) VS 


to the determination of the characteristics of wings with a wide range e 
aspect ratio and straight taper and with a linear spanwise variation O 
twist. Anderson considered the spanwise lift distribution for any typical 
wing to consist of two parts. One part, called the basic distribution, 

is the distribution that depends principally on the twist of the wing and 
occurs when the total lift of the wing is zero; 1t does not change with 
angle of attack of the wing. The second part of the lift distribution, calle 

the “additional distribution,” is the lift due to change of the wing angle 


on 
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YZ, pounds per unit sp 
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4 6 §@ 10 12 /4 16 /8 
' = Distonce along semispaon, feet 


Fic. 7. Typical semispan lift distribution. Cz = 1.2 


of attack; it is independent of the twist of the wing and maintains _ 
same form throughout the reasonably straight part of the lift curve. 
typical distribution of lift over the semispan of a twisted, tapered wing 


at a moderately high lift coefficient is shown in Fig. 7. 
Anderson prese 


are easy to apply. In o | 
must be known in the following terms: 


S wing area 
b span 


A aspect ratio . 4 
c,/c, taper ratio where cz is the tip chord and ¢, is the root chor 


« aerodynamic twist in degrees from root to tip, m 
directions of the center and tip sections, positive for wash in 


8B angle of sweepback, measured between the lateral axis and a line through the 


aerodynamic centers of the wing sections 
ad) section lift-curve slope 


nted his solutions in the form of tables and charts that 
rder to apply these solutions the wing geometry 


easured between the zero lift 
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THE { NIFICANCE OF WING-SECTION CHARACTERISTICS 11 


a, effective lift-curve slope, ao/E 
E Jones edge-velocity factor, equals ratio of the semiperimeter of the wing under 
consideration to the span of the wing 
Cm, section-moment coefficient about the aerodynamic center 
ec chord at any spanwise station 


Anderson considered only the case of a linear distribution of twist between 
the center section and the tip. The types of fairing ordinarily used for 
wings result in nonlinear distributions of twist if the wing is tapered. The 
departure from the assumed linear distribution may not be negligible if 
appreciable twist is combined with a large taper ratio. 

The data required to find the spanwise lift distribution are given in 
Tables 1 and 2. The basic and additional loading coefficients Ly and L, 
are presented at various spanwise stations for a wide range of aspect ratio 
and taper ratio. The local basic section lift coefficient c,, for a wing lft 
coefficient equal to zero is given by the expression 


ee ea. 
cb 


The local additional section lift coefficient c;,, for a wing lift coefficient 
equal to unity 1s given by the expression 
S 


Ch, = chy de 





Ly 


The actual or total local section lift coefficient c; for a wing lift coefficient 
equal to Cz is obtained from 


Cr = Ch + Cre, 


The lift-curve slope per degree a of the wing is obtained from 


Oe 


o= STF (7.8a./xA) 


where the effective section lift-curve slope a, is taken as the average for the 
sections composing the wing and the factor f is given in Fig. 8 on page 16. 

The Jones edge-velocity correction, which had not been derived when 
Anderson” obtained these results, has been appiied to Anderson’s formulas 
by the use of an effective section lift-curve slope. This effective slope a, 
equals a)/E where EF is the ratio of the semiperimeter to the span of the 
wing under consideration. It will be noted that this effective lift-curve 
slope is not solely a property of the section but that it varies with the plan 
form of the wing. | 


The angle of attack of the wing corresponding to any value of the 
wing lift coefficient Cz, is given by 


a=! + ay, + Je 
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Fig. 11. Chart for determining induced-drag factor ». 
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Fig. 12. Chart for determining induced-drag factor w. 


where the section pitching-moment coefficient cm, is constant along the 
span. If the sections composing the wing have different pitching-moment 
coefficients, a weighted average may be used. E and G are factors pre- 
sented in Figs. 13 and 14, respectively. 
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The longitudinal position of the aerodynamic center of the wing is 
given by 





Xae 
Sh HA tan Bs 
where X,. = longitudinal distance between aerodynamic center of root 
section and aerodynamic center of wing, positive to the rear 
H = a factor presented in Fig. 15 
14 
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Fig. 13. Chart for determining pitching moment due to section moment. 
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The maximum lift coefficient for the wing may be estimated from the 
assumption that this coefficient is reached when the local section lift co- 
efficient at any position along the span is equal to the local maximum Iift 
coefficient for the corresponding section. This value may be found con- 
veniently by the process indicated by Fig. 16. Spanwise variations of the 
local maximum lift coefficient c:,,,, and of the additional c;,, and basic 
¢,, lift distributions are plotted. The spanwise variation of cz... — Cx 1s then 
plotted. The minimum value of the ratio 


c tax —e by 
Cla 


is then found. The minimum value of this ratio is considered to be the 


maximum lift coefficient of the wing. 
c. Generalized Solution. Although the Glauert® method used by Ander- 
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where a, = angle of downwash (in degrees) at spanwise position y: 
y = spanwise position, variable in the integration and measured 
from center line 
The effective angle of attack of cach section of the wing 1s 


a= A a, (1.9) 


where a, = effective angle of attack of any section (angle between chord 
line and local wind direction) 
a = geometric angle of attack of any section (angle between chord 
line and direction of free stream) 
The effective angle of attack is a function of the lift coefficient of that 
section f(c:) so that the equation for the effective angle of attack becomes 


°/? (d/dy) (cre/4b)dy 
Y¥i— Y 


180 b 


ae = f(ci) =a- 2 Oe tes 


(1.10) 


This general integral equation must be solved to determine the downwash 
and span-load distribution. Equation (1.10) may be solved by assuming 
a span-load distribution and solving for the corresponding downwash. 
The load distribution corresponding to this calculated downwash is then 
found using Eq. (1.9) and the section data. This load distribution 1s com- 
pared with the assumed distribution, and a second approximation is made. 
The process is continued until the load and downwash distributions are 
compatible. 

The span-load distribution is expressed, following Glauert,” as the 
Fourier series 


— = ZA, sin n6 (1.11) 


where cos 6 = — 2y/b 

The development of this method will be limited to load distributions 
symmetrical about the center line. Only odd values of n are therefore used. 
The induced angle from Eq. (1.8) becomes 


(1.12) 


ApS Sass 


If it is assumed that values of c:c/4b are known at an even number 7 
of stations equally spaced with respect to @ in the range 0 < 6 < 7a, the 
coefficients A, of the Fourier series 


r—1 
(5) = A, sin n — 
7 n=i1,3... 
where m = 1, 2,3, ...,7— 1 may be found by harmonic analysis as 
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r—1 
Cie 

An a 7 Gale 

m=1 
where 
_2 ee 
Lame r 


Because of the symmetrical relations 


and 


(55). > Gs) 
4b/m \4b/rm 
mr 


. (r—m)x 
sin n — = sin n ~———— 
r r 


for odd values of n, the summation of A, needs to be made only for values 
of m from 1 to 7/2. Therefore 


r/2 
2 oe 1.13) 
= », (qi). 
m=1 
where 
nan = — sin n form =1,2,3,..., (r/2)—-1 
and 
Ze T 
TImn = — SIN N 5 for m = 7/2 


From these relations Sivells and Neely obtained multipliers mm, which are 
presented in Table 3 for r = 20. The coefficients A, may be obtained by 
multiplying the known value of c,c/4b by the appropriate multipliers and 
adding the resulting products. 

By the substitution of the values of A, from Eq. (1.13) into Eq. (1.12), 
Sivells and Neely" obtained the following expression for the downwash 
at the same stations at which c,c/b is known: 


r/2 


a, = @ Amk 


m=1 


(1.14) 


where k designates the station at which a; is to be evaluated, and m is also 
a station designation that is variable in the summation. Values Of Ame 
for r = 20 are given in Table 4." A similar table of values of (47/180)Am: 
was also given by Munk.”? The induced-angle multipliers are independent 
of the aspect ratio and taper ratio of the wing and thus may be used for. 
any wing whose load distribution is symmetrical. 

Fquation (1.14) permits the solution of Eq. (1.10) by successive ap- 
proximations. For one geometric angle of attack of the wing, a lift dis- 
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TaBLe 4.—MULTIPLIERS Ame FOR INDUCED ANGLE OF ATTACK 
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The wing induced-drag coefficient may be obtained by means of a span- 
wise Integration of the section induced-drag coefficients multiplied by the 
local chord. As in the case of the lift coefficient, this process has been 
reduced to the following summation: 


r/2 


Cy wA (se a.) 7 Mm (1.16) 


~ 180 
m=l 
The section profile drag coefficient can be obtained from the section 
data for the appropriate wing section and lift coefficient. The wing profile 
drag coefficient may be obtained by means of a spanwise integration of 
the section profile drag coefficient multiplied by the local chord. This 
process has again been reduced to the following summation: 


r/2 


Cp, = > (ca ) i Neal 


m=1 


(1.17) 


where ¢ = mean geometric chord S/b 

The section pitching-moment coefficient can be obtained from the 
section data for the appropriate wing section and lift coefficient. For 
each spanwise station the pitching-moment coefficient is transferred to 
the wing reference point by the equation 


x : 
Ca = Cm, — 2 [c, cos (a, — ai) + Ca Sin (a, — a;)] 


Z : 
se : [cy sin (as _ a;) — Ca, COS (a, — a;)] 


where c,, = section pitching-moment coefficient about wing reference point 
a, = geometric angle of attack of root section 
z = projected distance in plane of symmetry from wing reference 
point to aerodynamic center of wing section, measured parallel 
to chord of root section, positive to the rear 
z = projected distance in plane of symmetry from wing reference 
point to aerodynamic center of wing section, measured per- 
pendicular to root chord, positive upward. 
The wing pitching-moment coefficient may be obtained by spanwise in- 
tegration by use of the multipliers previously used. 


r/2 
CoOON ot 
_ \ (eet) 7, 1.18 
Cm sie oD 1 ( ) 
m=1 


b/2 


where c’ = mean aerodynamic chord, 2/8 [ c? dy 
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Fig. 19. Experimental and calculated characteristics of a wing having NACA 65-210 peas 
sections, 2-deg washout, aspect ratio of 9, and taper ratio of 2.5. R = 4,400,000; M 
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perimental and predicted characteristics is so good that the utmost care is 
required in model construction and experimental technique to obtain em- 
pirical wing characteristics as reliable as those predicted from the section 


data. 
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CHAPTER 2 
SIMPLE TWO-DIMENSIONAL FLOWS 


2.1. Symbols. 


total pressure 

nondimensional circulation, '/2raV 
pressure coefficient, (Jf — p)/}4pV? 
resultant or free-stream velocity 
component of force in the z direction 
component of force in the y direction 
component of force in the z direction 
constant 


Ny u 

2nV 

constant 

constant 

constant 

constant 

base of Naperian logarithm, 2.71828 

section lift 

logarithm to the base e 

source strength per unit length 

pressure 

radial coordinate 

position of source on z axis 

time 

component of velocity in the z direction 
radial component of velocity 

component of velocity in the y direction 
tangential component of velocity, positive counterclockwise 
component of velocity in the z direction 
length in Cartesian coordinates 

length in Cartesian coordinates 

length in Cartesian coordinates 

circulation, positive clockwise 

angular coordinate, positive counterclockwise 
velocity potential 

stream function 

doublet strength, 2ms 

ratio of the circumference of a circle to its diameter 
mass density of air 

angular velocity, positive clockwise 
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2.2. Introduction. A considerable body of aerodynamic theory has 


been developed with which it is possible to calculate some of the important 
31 
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34 THEORY OF WING SECT. oS SIMPLE TWO-DIMENSIONAL FLOWS 39 


integrating Eqs. (2.3) along the path of motion for steady flow, we shall 
multiply the equations for the z, y, and z components by dz, dy, and dz, 
respectively. For example, 


For axes stationary with respect to the observer, the components of veloc- | 
ity v,v, and ware, in general, functions of ¢, x, y, and z. The total deriva- 
tives given in Eqs. (2.2) may therefore be written 


FAO tn 1 


Op Ou du Ou 
Ou Ou On du Du | —~— dv =plu—adrt+v—adar+w dad 
gt ae tay a2 ~ De | on ox by dz 
av av ov av Dv According to Eqs. (2.4), we have 
te ae ee tee ao ae = Di 
dt Ox y z v dxr=udy 
Ow ow dw dw Dw an oae 
a ae ay ve | Penge 
a ; Lace Op Ou ou ou 1 
If gravitational forces are neglected, the only forces acting on the ele- an dx = plu = dr+u a dy tu a dz\=pd 5 2 
ment of volume are normal pressure forces. Let p dy dz be the force acting | Similar! y é 
on the face of the element (Fig. 21) in the yz plane. Then to the first order y ; 
Ip + (Ap: dx) dx] dy dz will be the force acting on the opposite face. The = 5 dy = pd 5 re) 
resultant force on the element in the z direction is therefore 
p 
. —-+dz=pd{(iw 
x=- Pas ERATE az 2 
a Adding the three foregoing relations, we have 
Similarly the resultant forces in the y and z directions are 
p p 
___ op | — dp = Sd + v8 + ut) = $ a(v") 
Y= by dy dz dx 
5 where V = magnitude of velocity. 
Fe epi oe dz dx dy Integrating this equation gives Bernoulli’s equation 
Gea the os +14 pV?=H 25 
The equations stating that the motion of the fluid is in accordance with P (2.5) 
Newton's Jaws may be written in the following form by substituting the | where H, the constant of integration, is the total pressure. 
foregoing expressions for the forees and accelerations in Ings. (2.2) The application of Eq. (2.5) is limited by the assumptions made in its 
| derivation, namely, 


Op Ou Ou Ou Ou 


— = pls, ap ap 1. Perfect incompressible fluid. 


a om oy ae 2. Steady motion. 

OD pO ge aa OV ak. 4 dv (2.3) 3. Integration along path of motion (streamline). It follows that this 
dy \ at Ox oy dz equation may be applied only along streamlines in unaccelerated flow where 
ap Aap aa aw ai) the effects of viscosity and compressibility are negligible. . 

ae ay ed a ae ay Tw 2.5. Description of Flow Patterns. It is evident from the foregoing 


equations that the flow pattern would be completely determined if the 
values of u, v, and w were known at every point. The theory of wing 
sections assumes that the flow is two-dimensional, that is, w=0. Tuven 
with this simplification, it is still necessary to specify both the components 
of velocity « and v to define the flow. By the use of the equation of con- 
tinuity (2.1) it is possible to simplify the problem further so that it is 
necessary to specify only a single quantity at each point to determine the 
flow pattern. 


If we consider only steady motion, the derivatives with respect to 
time are equal to zero. In this case the differential equations for the path 
of an element are 


u v Ww 


Ls (2.4) 


These equations merely state that the displacement along any axis 18 
proportional to the component of velocity along that axis. Preparatory to 
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If the flow is irrotational, it is possible to derive a second quantity 2 When written in terms of the stream function, this equation becomes 


which, like the stream function, can be used to deseribe the flow pattern ye ay 
completely. Consider the flow field ‘ndicated in Fig. 25. The line integral Bat aes 


of the velocity over the path oap must be equal to the line integral of the be 
path obp if the motion is irrotational in the region be- _ In writing Eq. (2.15), it is implicit in the definition of ¢ that the motion 
The value of this integral, called the “velocity is irrotational and the equation itself states that no fluid is being created or 
» therefore depends only on the po- destroyed. In writing Eq. (2.16), it is implicit in the definition of ¥ that 
no fluid is being created or destroyed, and the equation itself states that the 
flow is irrotational. Equations (2.15) and (2.16) impose rather general 
conditions on functions chosen to represent actual flow patterns. Any 


function of ¢ or ¥ satisfying Eqs. (2.15) or (2.16) represents a possible flow. 


0 (2.16) 


velocity over the 
tween the two paths. 


rer are SIREN Fe Hany EY hen Rw 


potential 4, 0 
sition of the point p relative to the origin 0. The 


value of the velocity potential is 





b= [i udetody 


O 
df =Vcos x ds " It can be seen from Eqs. (2.8) and (2.12) that 
Fra. 25. Definition of v ; 
eae Seated pe : do = dx + v dy (2.11) “= se = Me 
, r y 
By a process of reasoning similar to that previously given for the stream 5 - 
function, we obtain SS 
, ad oy Ox 
ay These equations indicate that lines along which ¢ is constant intersect lines 
ag (2.12) along which y is constant at right angles. 
oa Because Eqs. (2.15) and (2.16) are linear, functions of ¢ or w repre- 


senting possible flow patterns may be added to obtain new flow patterns. 
This method of obtaining new flow patterns by superposition of known 
flows is fundamental to the theory of wing sections because it leads to 
simple solutions of complicated problems. 

2.6. Simple Two-dimensional Flows. <A few simple flows upon which 
the theory of wing sections is based are described in this section. 


the component of velocity in any direction may be obtained 
elocity potential in the direction of the desired 
component. This property of the velocity potential makes it particularly 
useful for the study of three-dimensional flows. In polar coordinates, the 
ssions for the radial and tangential components of velocity are 


In general, 
by differentiating the v 


expre 
ad re a. Uniform Stream. Consider the functions 
w= radia 
a (2.13) ae ee 
ld¢ mn (2.17) 
= _ 7, if l oA 8. 
v 36 tangentia pei eeicay 
The equation of continuity for two-dimensional flow which satisly Eqs. (2.15) and (2.16). The component of velocity along the 
XZ axis is | 
_ = 0 (2.14) 2 8b _ 
x OY | oy ox 
assumes a particularly simple form when expressed in terms of the velocity Hf ercom ponent oF velocity wlounaneqjamiats 
potential ao. 
Ap Ad _ 2.15 v=-> => =a 
a2 | Oy? 0 (2.15) 0x oy 


Equations (2.17) therefore represent a uniform field of flow having a velocity 
V equal to Va? + 8 inclined to the z axis at an angle whose tangent is a/ b. 

b. Sources and Sinks. The concept of sources and sinks is one of the 
building blocks used to construct desired flow patterns. A source is con- 
sidered to be a point at which fluid is being created at a given rate. A sink 


This equation is Laplace’s equation in two dimensions. 
The equation stating that the flow is irrotational is 





ait ‘nt = 
+6, gv OID AL 
os: wed 


& 
PSU PVUIPIOOD LUPO JO SULIO 
J 10} UL SMOT[OJ SU UozALEM oq AvU UOTZeNbe siy] 


(A ate gry iZ 


aie un Sa {UIS Of} OF BIINOS OT] WOM] SUTAOT Wvol)s 
on a iw (16 o) bry] yPqnop V ynoqv aoy oyj uo [(2T'Z) “bay] 
re . ) ? 1 ~ if nt + 
. } ojtun v sutsodsodus Aq pouraygo st wreasjs UOJIUN B UL JOpuI[A 
OO Bo yNOdR : ; ; [Ad 
pi MOG MOY VL, “uuody Usoflu D0 U1 AIpUuihi) LONI) 
SUZ = 7 O10 








fir se 
{9 “6; . “yy? > IT? 
Jo2 sulpvordde gs sv yuvjsuoo surrwod ¢ puv w jo yonpoad oUt JI 
A + pt\ 
ShkZ — uw + 


‘fh puv zo i 
I } Joodsad ILM [[vUIs ¢ Jo sonpVA IO 








“UIs PUB I INOS so == oA + 20 J 
B 1OJ MOTT Jo sourutaiys ‘9S "DI sliz —— uv; = th 
VAGY OAL 
OD +1 
gap Md = 9 uty — Dun 
ye VIUIC 
s— S+2x ” 
_ —— _ -_un)} — —.——. > G 


st uOT]vU 
= NO) OU} Wolf BUN[Nsel AOY vy 
V ‘AJoatjoodsur ‘s puv s— ye sixe x ay} 

pete asta UO payUN}Is WG NUIS pUv ddINOS aI 
a on eee Sa U0 SUMO RC SUE Top isuo:) nonaen 
YUL] BY} St jojqnop - ; Bee UIB}GO OF, ‘YUIS.puv 9910s oy} Sururol 
wwa.njoq g0UTISIP OU ae oe ee Space noe: aero ale DUE aa InOs ou 
UV Yens ut 1ay10 fa : ne ae QINOS 9} JO Jonpoid oy} yey} JaUUTUF 
ae BEE AG " q oo a 8uass [enbs jo yuls v puv oo.1nos 

QU MOY oy JO osvo Buljtuny ayy st yopqnop VY “spyqnocy ‘9 

JIU SIU! “UIDIIO 9} JNOQB Sopodid 
ae : eee yey pug SOUI| [BIPVI a1V UIBUO 94 pete 
J (WBII}S 94? YY} Uvas st 4I (QZ'Z) pue (G1'Z) ‘sbsy WoT 


lt Die 
SMOTA TVNOISNINIMOML FTINIS 


Ane nr nn nee Semneteumbindenisteehanemeiamiememniemmmmmnlindiatalientuineimiliitdiahahaébemteriehada 
ae LA GM, I A Ld A tries ANE ty el Soh SP A elt lay: AR ra daatathaf-i Hy Boole 
nie vaarifa nar crticeatmetende ate litaahy halt SULA de eee Wem itt. 


eT an lel a lil tt ef LS eA = LN RR ttl ml Ni NS ob te ts 


u 
A+ aA wre = 4 


(cl 7 a0)8G 278 
rue Pe 
:SMOT[OJ SB Poureyqo aq ABul > jetjuayod 
LPOOPIA BY} JO SUI} UT 90.INOS quiod & WOdf MOY BU} 10J uoIssaidxa oy, 
‘JJoS}T 9OINOS 94} 4B plVA JOU st Aynutjuay jo uoryenbs ay} Fey} WB 
9y} Woy szpnsal Apavynood siz “A puw x jo worjouny panpea-o[dizjnu 
BSI A yyy UBS SI4T “x OF qoodSal YPM SUIPTIBOJUL PUB A IO} uoIssaIdxa ot} 
Zuisn ssaooid Burpuodsasi09 v Aq poutvyqo oq ACU UOIssvIGX BUWUBS BY J, 


(022) 


a 


ih 





(61°) = Uv} 2 = pf 
uOIssaIdxa ay} Ul §}][Nsel fi oy Joudsed YIM UOISSIIdXI SITY} Jo U01}B.1Fa}UT 
(gf + 22) 4S 7 fig 
XU je 
oaty on ‘(9°Z) ‘bay ul sutynyysqng 


= 7b 











+t _ op us 
fi 
+e _ 9 s00 
L 
a1ayA\ 
gi + A = 4 





gulls n=a 
g sou n= 7 
DALY OA DOINOS BY} 7B ULBO ot} Bul’ LT 
‘OdvZ SI YUIS JO ddINOS B WO] 
Burynsol APIOTIA Jo guouoduioa [eIyuoduT) oy, “YUIS OY} PLBMOY poypoilp 
st APVOPIA OY} FRY} Ydooxv (Q1°Z) ‘boy su owUs olf} SI Apo Jo yUoUOdWOD 
[BVIpvs oY} 1OJ uoryenbe oy} ‘vv1nos vatyedou v A[duuis Sf YUIS oY} BSNBIIEL 
(813) ~£ =n 

sv possoidxa aq ABU ALOY JO auld 34} 
0} avpnoipuodsed yySuo] yun Jod w oy BAY piny SUI}TaIIY INOS B WOT 4 
oouvysip vyB quIOd AUT YU 7 APLOOTOA JO quauoduwius [rips vy} ‘suotduinsse 
asoy} YIM soUTpPIODIV UT ‘YJBuop OPUYUL SPE FNOYSNOIY) oF UNO}IUN B 
4U SoyVUBUS PIN YOIy WOTZ SIXV 2 Of} OF jay[eaed oul] @ 910jJo19Y} SI UOLOU 
[VUOISUIUIIp-O.\} Ul 94NOS quiod at, pT, ‘sixu 2 otf) 04 iyjnatpuediad souvyd [je 
UI BUUTS 9Y} 9q 0} PSUINssT St MOU OUT ‘UOLJOU [VUOISUDUTIP-O\} UY “Fl9s}! 
quiod ay} 38 ydaoxa osaTP.Ado.A0 WOTOU [euoIyVy}OIM JO puv AZINULZUOD JO 
suorrnba ayy Aaqgo 0} put suOrooTIp [PUT WIOJIUN 9G 0} PIWNSsE SI YUIS 10 
goinos quod @ ynoqs’ MOLY 9Y TL, ‘pesOtjsop Sulog st pny Yory a 7v quiod @ 1 
6 OULLOYS ONTAL dO AOU OF 


A 








42 THEORY OF WING SEf ONS 


It. is obvious from Fiq. (2.22) that part. of the streamline v = (1s = ae 
r=a. At large distances from the origin the flow ts ie _ ate : 
to the x axis. Equation (2.22) therefore represents the a ese 2 
circular cylinder in a uniform stream. The streamlines for this flow patte 


are shown in Fig. 27. | 
The velocity distribution 
the tangential component of v 


OY 25k Vilt+ =) sin 6 = — 2V sin @ (2.23) 
2 


about the cylinder may be obtained by finding 
elocity on the circle r = 4. | 


Une ay 


| 
| 


eer 
C= 


Kic. 27. Streamlines for the flow about a circular cylinder in a uniform stream. 


Z 
’ ation 
Because the circle r = a is a streamline, we may apply Bernoulli's equ 


(2.5) to obtain the pressure distribution about the cylinder. 


p+ 14p(4¥? sin’ @) = H 


If we define a pressure coefficient 5 as 





ou (2.24) 
LopV? 
the distribution of S over the surface of the cylinder is given by 
S = 4 sin? 6 (2.25) 


Integration of the pressure distribution over the surface of the cylinder 


will show that the resultant force is zero. . 
e. Vorter. A vortex is a flow pattern ‘n which the elements of fluid 


follow circular paths about. a point, and the flow is irrotational at all oe 
except the center. The equations defining the flow pattern may be ah 
directly from Laplace’s equation for the stream function, Equation (2.16) 
may be written as follows in terms of polar coordinates 


vy lop, lov _ 4 (2.26) 
are rer. 7? 00 
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Because the radial component of velocity is zero, 


Loy _ 
rae” 
and hence 
ld _9 
rae 
Equation (2.26) therefore becomes 
dy 1ldy _9 
dr? rdr ; 
Integrating once with respect to r we obtain 
In ay +Inr=c 
dr 
or 
d c’ Tr ; . 
Veo asi =-o (2.27) 


where the constant of integration c’ is assigned the value '/27. The veloc- 
ity therefore varies inversely with the dis-  y 

tance from the center of the vortex. The 
circulation [ about the vortex is equal to 
— 2rrv’. The circulation is considered to be 
positive in the clockwise direction, whereas v’ 
is positive in the counterclockwise direction. 
The stream function may be obtained by in- 
tegration of Eq. (2.27) 


Dr at 
v=5-lnrte (2.28) 





The pressure in the field of flow may be Fis. 28. Equilibrium conditions 
calculated from the condition that the pressure PoE TOE 
gradients must maintain the fluid elements in equilibrium with the acceler- 
ations (d’Alembert’s principle). The centrifugal force acting on each ele- 
ment must be (Fig. 28) 


12 
— 2 rd dr 


The pressure force acting on the element is 


dp 
DANO Or dr}| r dé 
Equating the pressure and acceleration forces, we have 
pu" _ oP 
, dr 
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CHAPTER 3 


THEORY OF WING SECTIONS OF FINITE THICKNESS 


3.1. Symbols. 
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coefficients of the transformation from x! to z 
total pressure 

pressure coefficient (// — 9 Top? 

velocity of free stream 

radius of circular cylinder 

section Tift coefficient 

base of Naperian logarithms, 2.71828 

V- 1) 

logarithm to the base e 

source strength per unit length 


( ea ( y\? 
hea x) 
local static pressure 
radius veetor of z (modulus) 
component of velocity along z axis 
component of velocity along y axis 
local velocity at any point on the surface of the wing section 
complex variable 
Cartesian coordinate 
real part of the complex variable z or ¢ 
Cartesian coordinate 
magnitude of the imaginary part of the complex variable z 
complex variable 
complex variable in the near-circle plane 
complex variable for the flow about a circle whose center is shifted from the 
center of coordinates 
circulation, positive clockwise 
section angle of attack 
distanee of the center of the circle from the center of coordinates 
complex variable 
magnitude of the imaginary part of the complex variable ¢ 
angular coordinate of the complex variable z (argument) 
angular coordinate of 2’ (see Fig. 32) 
ae*® is the radius veetor of z 
doublet strength per unit length 
real part. of the complex variable ¢ 
ratio of the circumference of a circle to its diameter 
mass density of air 
real part of the complex variable w 
potential function 
46 
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angular coordinate of z 

magnitude of the imaginary part of the complex variable w 
stream function 

ae¥ is the radius vector of z’ (see Fig. 32) 

Yo average value of y 

co infinity 


& GEE 


3.2. Introduction. It was shown in Chap. 2 that the field of flow 
about a circular cylinder with circulation in a uniform stream is known. 
It is possible to relate this field of flow to that about an arbitrary wing 
section by means of conformal mapping. In relating these fields of flow, 
the circulation is selected to satisfy the Kutta condition that the velocity 
at the trailing edge of the section must be finite. Such characteristics as 
the lift and pressure distribution may then be determined from the known 
flow about the circular cylinder. The resulting theory permits the ap-. 
proximate calculation of the angle of zero lift, the moment coefficient, the 
pressure distribution, and the field of flow about the section under con- 
ditions where the flow adheres closely to the surface. | 

3.3. Complex Variables. Conformal mapping, which makes the cal- 
culation of wing-section characteristics possible, depends on the use of 
complex variables. A complex number is a number composed of two parts, 
a real part and a so-called imaginary part. The real part is just an ordinary 
number that may have any value. The imaginary part contains the factor 
V— 1, which is given the symbol 7. A complex variable z may therefore 
be written in the form 

=x+1y 


where the symbols in the expression z+ zy obey all the usual rules of 
algebra. It should be remembered that 7? is equal to — 1. Such a variable 
z can be represented conveniently by plotting the real part x as the abscissa 
of a point and the magnitude y of the imaginary part as the ordinate. 
By De Moivre’s theorem, z may also be written in the form 


= re? 


where r and @ are the polar coordinates. 
Let us consider the complex variable 


w=o+1y 
and let w = f(z), that is, 
o+ iy = f(x + ty) 








Then 
oo 4 ih = fle + iy) =f") 
and 
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This equation accordingly represents the conformal transformation 
from the z plane to the ¢ plane or the converse. In practical use, the flow 
function in the z plane is known and the corresponding flow function in 
the ¢ plane is desired. To plot the flow known on the z plane on the ¢ plane, 
it is necessary to solve this relation for ¢ and to obtain an equation in the 


form 
¢ = h(z) 


In the transformations we shall consider, this relation will be given. 
The velocities in the z plane, by Iq. (3.1), are 


vs u— Ww 
dz 
The corresponding velocities in the ¢ plane are 
dw dw dz 
a ded (3.8) 


As a simple example of a conformal transformation, consider the re- 


lations 
2 


w=V(zt—)=VE 


These relations transform the flow about a circular cylinder on the z plane 
[Iaq. (3.5)] to uniform flow parallel to the & axis on the ¢ plane [eq. (3.2)]. 
Corresponding points of both planes are obtained from the relation 
qa’ 
c = 2+ is 
and are indicated in Fig. 30. 

35. Transformation of a Circle into a Wing Section. A circle can be 
transformed into a shape resembling that of a wing section by substitution 
of the variable 

a? 


Cee (3.9) 


into the expression for the flow about a circular cylinder having a radius 
slightly larger than a, and so placed that the circumference passes through 
the point z = a. If, in addition, the center of the larger cylinder is placed 
on the x axis, the transformed curve will be that of a symmetrical wing 
section (Fig. 31). In the present example, let the center of the larger 
cylinder be placed at the point r= —€ where ¢€ is a real quantity. The 
radius of this cylinder will then be a+ e. The equation of flow about the 
larger cylinder with circulation is then 

(a+ e)? iT, +e 


2* +e tig ae 





w= Vl(z*+et+ 
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Fig. 31. Conformal transformation of a circle into a symmetrical wing section. 
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ot THEORY OF WING SEC INS 
transforms a circle in the z plane into a curve resembling a wing section in 
the ¢ plane. Most wing sections have a general resemblance to each other. 
If the aforementioned transformation 1s applied to a wing section, the 
resulting curve in the z plane will therefore be nearly circular in shape. 
Theodorsen recognized this fact and showed that the flow about the nearly 
circular curve, and hence about the wing section, can be derived from the 
flow about the true circle by a rapidly converging, process. The basic 
method is presented in reference 122, and a detailed discussion of the 
method is given in reference 125. The derivation of Theodorsen’s relation for 
the velocity distribution about the wing is divided into three parts (Fig. 32). 

1. Derivation of relations between the flow in the plane of the wing 
section (¢ plane) and in the plane of the near circle (z’ plane). 

2. Derivation of relations between the flow in the 2’ plane and in the 


plane of the true circle (z plane). 


matte eee 94 ey IRE le = 4 
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Since 
cosh? y — sinh’? y = 1 
z 2 y 2 
2a "on in) 
or cos 6 2a sin 8 
2 sin? @= pt o+(¥) 
3.13 
where : | | 
2 2 
{u(y a[24)\ 
P 2a 2a 


aa sin 6, and aa cos 6, are known in terms of the ordinates z and 
e wing section, t 
Eq. (3.12). , the values of sinh y and cosh y can be found from 


3 Combination of the foregoing relations to obtain the final expression 
+ the velocity distribution in the ¢ plane in terms of the ordinates of the dt a 
wing section. ae 1-[=3(2/-< 
The basic relation between the z’ plane and the § plane is 


{ 
1 
2 = — (ae’+® — ae¥—# 
parts (3.11) yf (ae ee) 

1 

=_lc ¥ aan . * 
The coordinates of ¢ are defined by the relation 2’ a(e e) cos 6 + ia(e + e%) sin 0 
- 1 ; 
PS ty = (2a sinh y cos 6 + 2ia cosh y sin 9) (3.14) 


and the coordinates of 2’ are defined by the relation The d 
second step is to find the relation between the flows in the z’ plane 


and those in the z plane. The coordinates of z are defined by the relation 


z= aete 


z’ = acet* 


By Eq. (3.11), 


¢ = ackt® + ae 
The transformation relating the z’ to the z plane is the general transforma- 








since | _ tion 
e# = cos 6+7 sin 8 2 
t= a(e’ + e~¥) cos 9 -+ tale’ — e~¥) sin 8 Get (An+iBn)(1/2") 
= 2a cosh y cos @ + 2ia sinh ¥ sin 0 By definition 
and since a! = zeh-Atile—e) a 
cartiy Consequently 
+ = 2a cosh yp cos 8 = 
Ue = 20 sinh V sin 0 ene) v AT 1(6 es ¢) -) (An “+ iB,) > 
expressions for ¥ and @ in terms of xz and y are desired and may be obtained or , 
as follows: 2 
ae i : Y= R+HO— 9) =) (An + §Ba) (608 ne — t sin ny) 
2a cos 8 1 
aie y where z has been expressed in polar form 
2a sin @ 


z= r(cos ¢ +7 sin ¢) 
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38 THEORY OF WING SEC) ONS 
In most cases a value of n equal to 40 gives sufficiently accurate pau 
Ordinarily ¥ is known as a function of 6, and first approximations to the 


values of Yo and @ — gare obtained by substitution of 6 for gin the relations 


for @— g and yo. a 
The factor relating the velocities in tt 


near-cirele plane is dz’/dz. From Eq. @.16), 


ie true-circle plane to those in the 


f 


dz ve af i: ih d [(y _ Yo) + 1(0 oe ¢)] 


\ 
- 2 S 


a2 Hy +i — g) ting 
dz 


But, on the true circle, | 
z=acwrw 


from which 


a is aE 


1 
Zz 
Therefore 


dz _ 2! f [y+ 1(0 — v) +t 
dz 


dz 


dz dz 


This expression may be written 





dz, dl ave 
re ge de 
But 
Te do 
z ; dz 
or 
io =idg=td(e- 4+ 1 d6 
z 
and | 
dz... ioe lef) 
do as dd 
lence 
det Blin ce 3 oe | 
a ieag et a eee 
where 
e= eo —0 
or | 
dz’ 2! i oe (dy ‘d9) (3.18) 


dz 2 i # (dead) 
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The flow in the plane of the true circle of radius ae’ is described by the 


following equation: | 
220 , 
w=Viet ——— + a In : 
zZ 2r ~—- aes 





(3.19) 


where the value of a in Eq. (3.7) is here taken to be ae’. The velocities in 
the true-circle plane are 


dw _y-() _@eh) | a 


es "aay Dee (3.20) 


In order for the rear stagnation point of the circular cylinder to cor- 
respond to the trailing edge of the wing section, the flow about the cylinder 
is rotated through an angle a» equal to the angle of attack of the wing scc- 
tion. This process corresponds to the application of the Kutta-Joukowski 
condition. At zero angle of attack, the trailing edge corresponds to the 
point 

z= aevet“r 
It is therefore necessary for the circulation I to have a value corresponding 
to a rotation of the stagnation point by an amount ap+ er. This value 
may be seen from Eq. (2.30) to be 


VY = 4rae”V sin (ao + er) 


Substituting the general value of z on the surface of the cylinder into 
Eq. (3.20) : 


2. aevst Magt¢) 


d 
So = VL — eMart) + 27 sin (ao + er)eHert)] 
from which the absolute value of dw/dz may be obtained 
d 
75 | = 2V isin (oo + ¢) + sin (ao + er)] (3.21) 


The third step is to obtain the velocities in the plane of the wing section 
from the expression for the velocities in the plane of the true circle. The 
expression for the velocity in the plane of the wing section is 


dw  dwdzdz' 


= I --—-- 
——. — ee 


dt dz dz’ d¢ 
Multiplying Eqs. (3.14) and (3.18), we obtain 


dgdz’  1[1— t(dy/dée) , . 
Ae aay Ta Seam |(23 sinh ¥ cos 6+ 22a cosh y sin 6) 


The absolute value of 


dg} 2V 1+ (dy/de)? 


dz ev 1 + (de/dé)] 





sinh? y + sin? 6 
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rimentally observed hift eoefficient. The altered 


t 


justed to produce the expe | | 
function €g is arbitrarily assumed to be given by 


Ae 

~ (L = cos 9) 
2 . 

original value computed by methods of preceding section 

alue used to compute flow about distorted section 


te =e (3.23) 


where €= 
é, = modified v 








Experiment 
Usual theory . 

——-—- Feduced circulation 
-—-——- Modified theory 









O 50 
Percent chord 


. a . . . ns 
Tic. 34. Comparison between measured and various theoretical pressure distributio 
a | ta ' . ' 


NACA 4412 wing section. 


The agreement obtained by this method is indicated by Fig. 34 and the 


moment coefficients of Fig. 33. 
3.8. Design of Wing Sections. Section 3.6 presents a method for 


obtaining the pressure distribution for arbitrary wing en A eine 
edge of the pressure distribution is desirable for structural ee 
the estimation of the critical Mach number and the moment coellhicient 1 

The pressure distribution also exerts a strong or 
predominant influence on the boundary-layer flow and, hence, on the sec- 
tiog characteristics. It is therefore usually advisable to relate the oe 
dynamic characteristics to the pressure distribution rather than oe 
to the geometry of the wing section. In the experimental ee : 
wing sections, it is accordingly desirable to have a method O ee 
changes of shape of the section corresponding to desired changes in the 


tests are not available. 


rae 
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pressure distribution. A method that has been used successfully for the 
development of the newer NACA wing sections is presented in reference 3. 

Equation (3.22) gives the relation between the velocity distribution 
over the wing section and the shape parameters y and 6. It is shown by 
Theodorsen and Garrick” that an alternate expression is 


v sin (ao + ¢) + sin (ao + er)eve 


—- 
— 


Vv (sinh? y + sin? 6) {{1 — (de/dg)P + [(dv/de)?} 





(3.24) 





Basic symmetrical shapes are derived by assuming suitable values of 
de/dg as a function of y. These values are chosen on the basis of previous 
experience and are subject to the conditions that 


s = 0 
go 2? 
and de/dg at ¢ is equal to de/dg at — y. These conditions are necessary for 
obtaining closed symmetrical shapes. Values of e(y) are obtained by in- 
tegrating (de/dy) dy. Values of ¥(¢) are found by obtaining the conjugate 
curve of e(y) by means of Eq. (3.17) and adding an arbitrary value yo 
sufficient to make the value of ¥ equal to or slightly greater than zero at 
y=. This condition assures a sharp trailing-edge shape. If y equals 
zero at y = 7, the wing section will have a cusplike trailing edge. Slightly 
positive values of y result in more conventional trailing-edge shapes. 
Theodorsen! has shown that small changes in the velocity distribution 
at any point on the surface are approximately proportional to 1+ (de ‘dg). 
The initially assumed values of de/dg are accordingly altered by a process 
of successive approximations until the desired type of velocity distribution 
is obtained. After the final values of y and e¢ are obtained, the ordinates of 
the symmetrical section are computed by Eq. (3.12). 

Although a similar procedure may be used to design cambered sections, 
it has been found convenient to design symmetrical sections which may 
then be cambered by a method to be described in Sec. 4.5. This method is 
satisfactory for thin or moderately thick sections. Very thick sections 
must be designed directly with the desired camber. Goldstein? has also 
developed useful approximate methods for the design of cambered wing 
sections. 
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where x is the position of the element and ry is the point where velocity is 
being calculated. The total vertical component of velocity at any point 
r, is then 
Cc 
y dx 
ens a (4.2) 
GC rt = 20) 
where v, = component of velocity normal to chord line 
The thin wing section must of course be a streamline. There is no flow 
through it. The equation expressing this condition 1s 


sea ne MY (4.3) 


for small angles. Equations (4.2) and (4.3) are the fundamental relations 
between the shape of the mean line and its aerodynamic characteristics. 

It is possible to obtain the characteristics of arbitary thin wing sections 
from these relations. The pressure distribution or the chordwise load dis- 
tribution may, however, be obtained more accurately and just as con- 
veniently by the method presented in Sec. 3.6. | 

4.3. Angle of Zero Lift and Pitching Moment. Simple relations for 
the angle of zero lift and the pitching moment of arbitrary thin wing sec- 
tions may be obtained by the application of a Fourier method of analysis 
to qs. (4.2) and (4.3). 

Let 


r= 5 (1 — cos 8) (4.4) 
then 


dx sin @ dé 


i 


bola 


Assume that y may be represented by a trignometric series as follows: 


9 Xt 
5 “f- A, sin né (4.5) 


n=l 


y = 21 An cot 


When ¥ is expressed in this manner, it will be shown later that the coeffi- 
cient. Ap depends only on the angle of attack, and the coefficients A, depend 
only on the shape of the mean line. Since 

@  i+cosé 


cot = = : 
2 sin 6 


y dx = cV[Ao(1 + cos 8) + oy A, sin n@ sin 6]d@ 


oO 
. 
1 


“duce shh eirmtemmtaat eam deine nei in ck tinal hit ih tached teal alata ec ride ee 
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The lift is 
c 
le [ oVyde 


a wm 
a feoV Ad + cos 6) + YAn sin n@ sin 6] dé 
I 


= mepV*(Ao + 19A)) (4.6) 
and the lift coefficient 


l ] - 
ayn oe Ay +5 Ai (4.7) 


The expression for the pitching moment about the leading edge is given 
by the relation 


c€ 
Mie = -| pVyx dx 


Since 

sin 6(1 — cos 6) = sin @— sin 6 cos 6 

= sin 6 — 14 sin 20 
ee ee ; ; lea 
Mir=— a Ao(1 — cos? 6) + A, sin n@ sin 6 — 5 sin 26 6 
: i 

Upon integration 

mo =~ TetpV?(Aot Ar — 5 As 

l 
Cm pe 4 (As = ‘A,) = 4 Ci (4.8) 


Equations (4.7) and (4.8) provide simple relations between the lift and 
moment and the first few coefficients of the Fourier series. The next step 
is to determine the relations between the coefficients of the Fourier series 
and the shape of the mean line. 

Substituting Eqs. (4.4) and (4.5) into Eq. (4.2), the expression for the 
vertical component of velocity becomes 


V f[* 15 NV A,leos (n — 1)@ — cos (n+ 1)8 
v,(8) = — Ao(1 + cos 9) 2d Eso ) = al 


JO 
cos 6, — cos 6 








cos 6; — cos @ j 
since 
Lg[eos (n — 1)@ — cos (n + 1)6] = sin n@ sin 6 


It is shown by Glauert® that. 


® * 

cos n§ do sin nd 
a = TT 
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a Kqs. (4.20) and (4.21) approach zero at the leading edge for mean lines 
Be: and , oe that approach zero faster than Vz/c. Most mean lines satisfy this con- 
Ee ed ee (: = (4.21) | dition. Similarly, the integrand of Eq. (4.21) approaches zero at the 
bee Of ES trailing edge in most cases. In order to avoid the difficulties at the trailing 
aS where edge in Eq. (4.20) and at the leading and trailing edges in Eq. (4.22), parts 
ae fi (=) = 4 ) ie i a ele of these integrals are evaluated analytically.” The analytical determina- 
aa ml Se eG : eae 


TABLE 5.—-VALUES oF FuNcTIONS fi, fz, AND Ss 


Se aa 
ms yi cay KY 


mia 











x | — (20 /e) _ 
fa 8 ~ Viz, eo) — (ro) x/c filz/c) filz/c) 






































This angle of attack is called the “ideal angle of attack”’ by Theodorsen.™ 
The lift coefficient corresponding to this angle of attack [obtained from 
Eq. (4.17)] is called the “ideal” or “design” lift coefficient. 

In general the angle of zero lift, the pitching moment about the ee 
chord point, and the ideal angle of attack may be calculated by grapnica 


In order to avoid infinite velocities at the leading edge, it is necessary ae ; Be i os fi 
that the coefficient Ap of By. (4.5) be equal to zero. From Eq. (4.12), 0.0250 2,091 6.085 39.73 
Ag equals zero when 0.0500 1.537 4,131 13.84 
. re 0.0750 1.306 3.226 7.403 
s ao = — oF 6 
: a}o dz 0.1000 1.179 2.667 4.716 
: 0.15 1,049 1.960 2.447 
: Substituting the value of dx from Kq. (4.4) 0.20 0.995 1.502 1.492 
a 56 dy da 0.25 0.980 1.156 0.980 
= ee ea aaa 0.30 0.992 0.873 0.662 
ee mio (c/2) sin @¢ 0.40 1.083 0.408 0.271 
and integrating by parts 0.50 1.273 0 , 0 
ee ee 6 da 0.60 1.624 — 0.408 — 0.271 
ae 1 2u/e) ed eee 0.70 2.315 —0.873 — 0.662 
rLsin@]Jo fy sin” 0 0.80 3.979 —1.502 — 1,492 
As previously discussed in connection with the integration of Iq. (4.13) 0.90 10.61 — 2.667 — 4.716 
va fist os of this expression equals zero for most wing sections. Sub- se oa) es — 13.84 
| , ee 
stitution of the expression 
fine - (1 — cos 6) tion of the increments at the critical points is accomplished by assuming 
- the mean line near the ends to be of the form 
gives . x\? 
oak (4.22) ¥-a+Bt+c(2) 
ae fe) e | c c c 
where Evaluation of the increment of the angle of zero lift gives 
2) . _1— era AB. = 0.964 0.094% = (70.95 to 1 
IX Qn {(x.c)[1 — (x/e)]}4 Bo = 0.964Y0.% — 0. dz, co 7 U99 to 1.0 


Where yo. is the ordinate of the mean line at z/c = 0.95 and dy/dz, is the 
slope of the mean line at z/c = 1.0. This increment is added to the value 
of 8 obtained by graphical integration from z/c = 0 to r/c = 0.95. The 
increments for the ideal angle of attack are 


d 
integration of Eqs. (4.20), (4.21), and (4.22). For convenience in + 0.467 yo, + 0.0472 “ (= 0 to 0.05) 
calculations, values of the functions fi, fo, and fs corresponding to pane ee : 
values of x/e are presented in Table 5. Although the functions fi, fo, an ~ 0.467 y0.05 + 0.0472 ey (2 = 0.95 to L.O 
AY 


fy become infinite at both the leading and trailing edges, the integrands of 
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k at whieh the uniform load distribution 1s realized 1s 
bution, and accordingly the mean line, 
squation (4.3) becomes 


The angle of attac 
zero because the assumed load distri 


jx eymmetrical about the mid-chord point. 


ty [intr 2) | 
a ian A In (7: (4.25) 
Integration of this expression gives 

(4.26) 


yon 10) -*\in(t -*)+2in 4] 


where the constant of integration has been selected to make the ordinates 


zero at the leading and trailing edges. 
By similar but more complicated 

ther types of load distribut. 

ting to note that the 


processes, the mean lines corre- 
ion may be calculated. In this con- 
distribution of y and the slope 
at the ideal angle of attack [see 


sponding to 0 
nection, it is interes 


of the mean line are conjugate functions 
Faqs. (4.5) and (4.11)]. The slope of the mean line can therefore be obtained 


from the assumed load distribution by the proper application of Naiman’s 
coefficients? as in lnq. 3.1. Tne mean-line ordinates can then be ob- 
tained by graphical or analytical methods. 

Mean lines have been calculated® corresponding to 
that is uniform from ric=Otor/e=a and decreases 
The ordinates are given by the expression 


a load distribution 
linearly to zero at 








gees 
yeh ba -*|-5( _ ty (1 - 4) 
co axa +3) lal -) ina ee ee 
l ry | r\' HE x 
where 
= a “(a aid +4\ 
igor ay ee 


h= gnc ‘a(t )-4(1-4) |+ 
t= oA 9 (t a 4 g 
The ideal angle of attack for these mean lines Is 
= eh 

mo de(at 1) 
e ordinates of the mean lines are directly pro- 
The fact that the load distributions 
g mean lines are additive may be 


This property 15, of 


It will be noted that th 
portional to the design lift coefficient. 
and the ordinates of the correspondin 


seen from examination of Eqs. (4.9) and (4.11). 
ect consequence of the linearizing assumptions made in writing 
(4.1), 4-2), and (4.3). This linearity is con- 


n line having a load distribution made 


course, a dir 
the fundamental expressions 
venient because ordinates of a mea 


TS 4, 
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up of spcei os as 
- Hea of load distributions for which the corresponding ordinat 
ane can be obtained by simply adding the ordi = 
nt mean lines. nates of the com- 
The I mg 
ae oe egrenaee lead to increasing errors as the slope of the 
eee a ee For geometrically similar mean lines, the slope in- 
pecacenkae tp : esign lift coefficient, and the errors are consequent! 
ei a | oe lift coefficients. In the case of the ee. 
edges, and it i q. (4.26)|, the slope is infinite at the leading and trail 
it is not to be expected that the assumed load will be batiaited 





Fig, 36. Typical basic load distribution at ideal angle of attack 


nea ae 
ie ae eases in which the slope is large is extremely small 
’ O e manner 1 “hi : : 

(Eq. (4.25)]. er in which the slope approaches infinity 
4.5. Engi iwi 

sections ey din ee : f Section Theory. The theory of win 

bakicn and = in Sec. 3.6 permits the calculation of the pressure tee 

oe . ertain other characteristics of arbitrary sections with con- 

sane eert Although this method is not unduly laborious, the 

fee sie ae are too long to permit quick and easy calnuletion 

sce a mi ers of wing sections. The need for a simple method ' 

- eas oe pressure distributions with engineering accuracy has ted 

ena ye ot a method? combining features of thin and thick 

ie en ae This simple method makes use of previously cal- 

forms that . ae of a limited number of mean lines and thickness 

ay be combi ;' 

sections. ined to form large numbers of related wing 
Th er 

id ties ae tok aon ee a ee 

e load distributi . 

es ribution of a thin section may be considered 
; eee distribution at the ideal angle of attack (Fig. 36) 

wine : : itional distribution proportional to the angle of “att k 
ak rom the ideal angle of attack (Fig. 37) ack as 

ame pete load distribution is a function only of the shape of the thin 

of the eae (if the thin wing section is considered to be a mean line) 

-line geometry. Integration of this load distribution along the 
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Kia. 38. Senthesis of pressure distribution. 
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be assigned some value by multiplying the origimalls calculated value : 
this ratio by a factor f(a). For a first approximation, this factor may be 
assigned the value 
Ci — C1, 

Ci, 





fla) = 


where ¢c; is the lift coefficient for which the pressure distribution is desired 
and c, is the lift coefficient for which the values of Ar,’ V were originally 
ealeulated. If greater accuracy is desired, the value of f(a) may be ad 
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a 


3 rested by trial and error to produce the actual desired life coefficient as 
f determined by integration of the pressure-distribution diagram. 

a Although this method of superposition of velocities has inadequate 
ce theoretical justification, experience has shown that the results obtained are 


MACA 66(215)=216, a # 0.6 
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Fra. 39. Comparison of theoretical and experimental pressure distributions for the NACA 
66(215)-216 airfoil; c: = 0.23 


adequate for many engineering uses. In fact the results of even the first 
approximation agree well with experimental data and are adequate for at 
least preliminary consideration and selection of wing sections. A com- 
parison of a first-approximation theoretical pressure distribution with an 
experimental distribution is shown in Fig. 39. Some discrepancy naturally 
occurs between the results of experiment and the results of any theoretical 
method based on potential flow because of the presence of the boundary 
Iayer. These effects are small, however, over the range of lift coefficients 
for which the boundary layer is thin and the drag coefficient is low. 
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82 THEORY OF WING SE "ONS 


Some concept of the physical significance of the Reynolds number may 
be obtained by expressing this number in terms of the mean velocity and 
the mean free path of the molecules, as suggested by von Karmin.'” The 
kinetic theory of gases indicates that the coefficient of viscosity » of a 
homogeneous gas may be expressed by a formula of the type 


w= Kovlsy 
where A = constant 
7 = mean molecular velocity 
L, = mean free path of the molecules 
Substituting this value of « into the formula for the Reynolds number, we 


obtain 


ae 
lie 


R= 


ml 
1 
2 | 
mM 


f 
where 2 = Reynolds number 


The Reynolds number is thus proportional to the product of the ratio 
of the speed of the body to the mean speed of the molecules and of the 
ratio of the size of the body to the mean free path of the molecules. For 
bodies of ordinary size moving at low Mach numbers in air of ordinary 
density, the ratio V/t is small and the ratio L/L, is very large. Under 
these conditions, the flow around the body corresponds to the conditions 
under which this formula was derived, namely, that the velocities are not 
large compared with the mean velocity and that the spatial dimensions of 
the phenomenon are large compared with the mean free path. 

The mean velocity 7 is of the same order of magnitude as the velocity 


oa 
pe 


of sound, and consequently the ratio V/? is of the same order as the Mach 
It may accordingly be inferred: that the Reynolds and Mach 
numbers are not independent parameters and that the scale effects ex- 
perienced at high Mach numbers would be different from those at low 
\ach numbers even though the Revnolds numbers were the same in each 
east. Mereever, ina rareed cas. as at extremely high altitudes, the mean 
free path may be of the same order as, or even much larger than. the 
characteristic length of the body. The concept of Reynolds number as 


presented here presupposes a mean free path that is small compared with 
the thickness of the boundary layer. Consequently the significance of this 
concept as applied to flows in very rarefied gases or at high Mach numbers 
ss uncertain. Under such conditions, it is preferable to compare flows on 
the basis of the independent parameters Vt and L/L. | 

The effects of viscosity are of primary importance in a thin region near 
the surface of the wing called the “boundary layer.” Boundary layers, 
in general, are of two types, namely, laminar and turbulent. The flow in 
the laminar layer is smooth and free from any eddying motion. The flow in 
the turbulent Jayer is characterized by the presence of a large number of 
relatively small eddies. The eddies in the turbulent layer produce a tran® 


number. 
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fer of momentum from the relatively fast moving outer parts of the boundary 
layer to the portions closer to the surface. Consequently the distribution 
of average velocity is characterized by relatively higher velocities near the 
surface and a greater total boundary-layer thickness in a turbulent than in 
a laminar boundary layer developed under otherwise identical conditions. 
Skin friction is therefore higher for turbulent boundary-layer flow than for 
laminar flow. 

Aerodynamically, the concept of the boundary layer is based on the 
premise of a continuous homogeneous viscous fluid. According to this 
concept the velocity within the boundary layer varies from zero at the 
surface to the full local stream value at the outer edge of the layer. Such a 
concept is valid only if the density of the gas is sufficiently great to limit 
the mean free path of the molecules to a length very small compared with 
the thickness of the boundary layer. The kinetic theory of gases® indi- 
cates that the velocity at the surface is not exactly zero but that there 
is a velocity of slip proportional to the velocity gradient. 


ne ee 


The coefficient of slip — has the dimension of length and may be con- 
sidered as a backward displacement of the wall with the velocity gradient 
extending effectively right up to the displaced wall where the velocity 1s 
zero. It has been shown by Maxwell, Millikan, and others that, for most 
surfaces, the coefficient of slip is very nearly equal to the mean free path of 
the molecules. At ordinary altitudes, this distance is so small that it may 
properly be neglected. At very high altitudes, this slip velocity may have 
large effects even though the mean free path is still only a fraction of the 
boundary-layer thickness. At still higher altitudes where the mean free 
path is long, the entire concept of the boundary layer and viscosity as 
presented here becomes invalid. 

5.3. Flow around Wing Sections. When the pressures along the wing 
surfaces are increasing in the direction of flow, a general deceleration takes 
place. At the outer limits of the boundary layer, this deceleration takes 
place in accordance with Bernoulli’s law. Closer to the surface, no such 
simple law can be given because of the action of the viscous forces within 
the boundary layer. In general, however, the relative loss of speed is 
somewhat greater for the particles of fluid within the boundary layer than 
for those at the outer limits of the layer, because the reduced kinetic energy 
of the boundary-layer air limits its ability to flow against the adverse pres- 
eure gradient. If the rise in pressure is sufficiently great, portions of the 
fluid within the boundary layer may actually have their direction of motion 
reversed and may start moving upstream. When this reversal occurs, the 
boundary layer is said to be ‘‘separated.’’ Because of the increased inter- 
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Sb THEORY OF WING SECTiINS 


Mquation (5.2) becomes 


O0yuV) , mV bab) 2m) 
WVo-x7 Sis oe ae 


a(ne) | V RAG / VR) p aime) — A(yre/V RP 


Ld (pip? 


and, upon simplification, 


Oly Oy Gp, , any 5.3) 
Mr yy OME = SP 4 (5. 
“ Ox rt Oi ary Oyy 


& 


it will be nofed that the viscosity does not appear directly in Eq. (5.3). 
Solution of this equation will give m4 and in terms of 2, and 1. Because 
yy equals (yoy VR, the effect of -ariations of the Reynolds number will be 
merely to change y In a manner inversely proportional to the square root 





Fig. 40. Effect of pressure gradient on velocity distribution in laminar boundary layer. 


of the'Reynolds number. It follows directly that the thickness of the 
laminar boundary layer varies inversely with the square root of the Rey- 
nolds number. It may also be concluded that the shape of the velocity 
distribution through the boundary layer is independent of the Reynolds 
number, unless, of course, the pressure distribution is a function of the 
Reynolds number. It also follows that the position of the laminar separa- 
tion point, characterized by the condition that du/dy is zero at the surface, 
is independent of the Reynolds number. . 

A considerable amount of information concerning the velocity distribu- 
ton in the laminar boundary layer can be derived from Eq. (5.3) without 
actually attempting a solution. At the surface t and v, must both equal 
sero. At the outer limit of the boundary Jayer 14 approaches a constant 
value. Consequently near the outer edge of the layer @?u/dy? must be 
negative and approach zero wilh increasing distance from the surface, as 
shown in Fig. 40. At the surface, Eq. (5.3) simplifies to the form < 


O16; OD 


ayy? 7 OX 


When @p;/dr; is positive (increasing pressure in the direction of flow), 
atv ‘ay? must be positive at the surface, and the shape of the velocity dis- 
tribution will resemble that shown in Pig. 40 for this condition. Similarly 
the velocity distribution must. be linear near the surface for zero pressure 
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gradient, and the velocity profile will be continuously convex upward as 
shown in Fig. 40 for decreasing pressures in the direction of flow. 

5.5. Laminar Skin Friction. Blasius obtained a solution for Eq. 
(5.2) for the case where 0p/dz is zero, that is, for a flat plate with uniform 
velocity outside the boundary layer. Blasius found that Eq. (5.2) could 
be greatly simplified by assuming a variable 01 the form 


n=2VRz 
x 
where Rz = pVx/yz 


and by the introduction of the nondimensional stream function 


" 
yi = [ Uy dn = f(n) 
where u; = u/V 
The true stream function is 








y= fru dy 
Z Vz f’ _ Vz e re 
¥ VE. | u dy VE. S(n) ; tVf(n) 





oF 0 on fe yp VIN as, 
by an dy ® 2Vy'(n)| xz = VF) 


The velocity v perpendicular to the flat plate is given by 


jen OV eV ON 
Ox On Ox 
v= 55 vo) - So 


Making similar calculations for du/dz, du/dy, and 0’u/dy? and substituting 
in Eq. (5.2) with @p/dx zero, we obtain 


=F af nbs en) + 5 | af’) — Sen |g") = BS 2) 
or 
foadf"n) + 2f"(n) =O (5.4) 


The fact that neither z nor y appears explicitly in Eq. (5.4) indicates 
that the initial assumption that ¥ is a function of 7 alone is correct, that is, 
ui is a function of 7 alone. 

The boundary conditions for the solution of Eq. (5.4) are that 


fin) = 0 fory7 =0 
fin) =1 = forn—->m 
f’(n) - 0 for 7—> 2 
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5.6. Momentum Relation. The Karman integral relation”: ¥* pro- 
vides a method for relating the boundary-layer thickness to the pressure 
distribution if the skin friction and the velocity distribution through the 
boundary layer are known or assumed. The relation is useful because 
approximations to the skin friction and the velocity distribution can 
obtained from consideration of local conditions. This relation 18 
bulent boundary layers. The Karman 
chanics that, if any closed 
d, the time rate of in- 


good 
often be 
applicable to both laminar and tur 
integral relation is based on the principle of me 


surface is described within a steady stream of flu 
crease, within the surface, of momentum in any direction is equal to the 


sum of the components in that direction of all the forces acting on the fluid. 
If body forces such as weight are 


absent, the only forces to be con- 
idered are those acting on the surface, 
that is, normal forces caused by pres- 


stires and tangential forces caused by 


ol OD ay viscous shearing. 
Consider the equilibrium of the 


cloment shown in Fig. 42. The mo- 
mentum from left to right entering 
the left face per unit time is 





Fie. 42. Forces on an element of the 5 ( d 
boundary layer. a pu y) 


while the momentum leaving the right face per unit time is 


8 


8 
u(pu dy) + |<. u( pu ay) | dx 
0 L JO 


The mass flow per unit time leaving the right face must be the sum of the 
w entering the left face plus the mass flow entering the upper 
per unit time through the upper boundary 18 


af 
dx \ Jo 
This mass enters with the velocity U. 
boundary per unit time is then 

8 


u(t pu dy) ax 


dx Jo 


mass flo 


boundary. The mass flow 
8 


pit ay) dx 


The momentum entering the upper 


The total rate of change of momentum from left to right in the element 18 


then 
ar ; ; a f° ) 
( [ pu iy) dz —- U (i I pu dy } dx 


dr. 
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The forces acting on the element are 


po on the left face 
= d 
E + 5 (0)de | on the right face 
dé 


~ p> ax on the upper boundary 


dx 
‘ —rdz on the lower boundary 
he resultant force is 


_@ ds 
=, (pide + p — dx — 1 dx 


which reduces to 


d 
. =. 7 dz — r dx 
nati 
quating the resultant force and the rate of change of momentum 
Ee aa df d 
ae pu y)ae — u(S : pu dy) dz =—6§ a. —rdz 
Dividing through by p dz, we obtain 
a ‘wdy-Us é dp . 
dz}, “" ee aes 
p 


This an 4 

ae ead sa very convenient because the values of the integrands 

ere a ogee the upper limit of integration. To avoid this 
rands are expressed 1 . 

paling Whe sabentunen pressed in terms of the variable (U — u). by 


aU (0) 


8 
a |U-(U-w Cte, 
dz}, Y- VE [u-w-w]a a ae 
Zr Jo - pdz p 
Expanding and collecting terms 
de, Gat ° 
ue - Zul w- ‘peu df 
ae de). wdy + UZ | (= wdy- ZU - wudy 
: _5ép _t 
pdx p 


At the outer limit of 
th 
hence e boundary layer, Bernoulli’s equation is valid; 


( 1 dH 

a(p +500) = = 

and dx 2 dx 
dp___,,dU 
ax Pv ie 
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sper adverse velocity gradient. The corresponding value of Us/U 
= bars rom Fig. 43 and is applied to the actual velocity distabution a" 
e position of laminar separation. 
5.8. Turbulent Flow in Pipes. ‘The earliest information on th 
of turbulent flow was obtained from studies of the flow in pipes R ae 
found that, if the diameter of the pipe and the velocity cs ak 


solutions of Hq. (5.2). The solutions are ‘nvolved and require much cal- 


culation, but the results appear to be satisfactory. 
For most actual work on Wing sections, the extent of the laminar 


boundary layer in regions of adverse pressure gradients 1s too short to 
require much detailed attention. It is frequently desirable, however, to 
know the possible extent of the laminar layer as determined by laminar 
separation. It has been possible to develop a method for applying the 
Karmin-Millikan solution to the rapid estimation of the laminar separa- 
tion point’? which is sufficiently accurate for most applications. More 
detailed studies may, however, be required for the condition associated re 
with maximum lift. 
The method for rapidly estimating the position of laminar separation 
is based on the assumption that it is possible to replace the actual velocity oe 
distribution effectively by a simplified velocity distribution consisting of a 
region of uniform velocity followed by a region of linearly decreasing | Uy 
velocity. The actual pressure distribution up to the point of minimum ; 
pressure 1s used to calculate the equivalent length of flat plate from ee 
Eq. (5.13). Because dp/dz is zero at the point of minimum pressure, the 
velocity distribution ‘n the boundary layer at this point must approximate 
the Blasius distribution very closely. The replacement of the actual pres- 
sure distribution downstream of the point of minimum ‘pressure by a linear 
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velocity gradient is usually justified by the relatively small extent of the 

laminar boundary layer in this region. Consequently, the laminar separa- 0 -04¢ -06@ <-l2 -I6 -20 ~-24 ~-.28 

* . * ,* . 3 F . 

tion point may be estimated from positions enlculated for a family of such Fic. 43. Velocity rati 

} y p y Se adignik. y ratio for laminar separation as a function of the nondimensional velocity 


simplified pressure distributions. 
The position of the laminar separation point was calculated by the 


d a ; et net small, the fl +1 
Kaérmén-Millikan method for a series of pressure distributions of the fol- , the flow was rectilinear or laminar, as shown by the behavior of 


| colored fi areas baie 
Pe Stee eure of fluid which did not mix with the surrounding fluid 
Te 1 forO0 < Be shown by diff see a ee re turoulent as 
: 2. iffusion of the colored filaments. Reynold if 
7 ; S. y s found that, if th 
eee : ae — ee about 2,000, the flow was always ee 
imit of this Reynolds number for lamina SL 
r flow was indefinite 
and depended mainly on the care taken to provide steady conditions and 


where x = distance along surface from leading edge | smooth surfaces. Values of the u imi 

. ; pper limit as mu eee 

r, = length of flat plate equivalent to length from leading edge to times the lower limit have been found by various ae - : ea 

position of minimum pressure | With laminar flow, the pressure gradient along se es 

U = velocity outside boundary layer at any point z linearly with the velocity; but, with turbulent flow ie a P if eee 
py tee : ; : 1e TCASe 

Uy = maximum velocity nearly as the square of the velocity. The velocity Feria a he 

Ss e 


F = velocity gradient (xe/Uo)(dU/ dx) (constant for any given case) diameter of the pipe for laminar and turbulent flows are shown in Fig. 44 
) nin Fig. 44. 


The values of Us/Uo, where Ue. is the velocity at the laminar separation For turbulent flow, the velocity distribution is more nearly unif th 
os | uniform than for 
inar flow, and the shearing stresses near the walls are considerably 


and 
U i+ Pe forl <= 
or Le Le 


point, were calculated by the Karman-Millikan method for a series of 





values of F, and the results are shown in Fig. 43. 
In applying this method, the value of F is obtained from calculated 


values of z-/Uo and the value of dU/dr corresponding to the estimated 


higher. These conditi 
r. ions result from the increased t 
associated with the turbulent motion. ea eeeeneenen 


It hs : , 
t has been observed that the nondimensional velocity distribution 
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stream of the plate are decelerated to a velocity u at station z. The rate of 
loss of momentum at station z is given by the following expression and is 
equal to the skin-friction drag of that portion of the plate upstream of 
station zx. 
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A corresponding value of 7 may be obtained from Eq. (5.14) if the rela- 
tion between and V is known. A commonly used experimental value of 
u/V is approximately 0.8. Using this value Eq. (5.14) may be written 
in the form 
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= 0.022594 p%4574 V4 (5.16) 





Prit;yyi rt sTi tT yt tity do --+-|++— 
PTC eerie ee 
ATttt Thee ett oot Ost 


bik 















city in the boundary layer as a function of y at the sections x 


The solid lines represent the one-seventh power law. 


Equating the two expressions for 7 and integrating 
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Solving for 6 
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Substituting this value of 6 into the expression for the drag 
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In coefficient form 
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F Se 
= J 
cr = yr pag = 0.07 ORs (5.18) 
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Equation (5.18) is a formula for the drag coefficient for one side of a smooth 


Fic. 45. Logarithmic scale diagrams of the velo 
125 cm from the leading edge of the flat plate. 





bers much larger than for previous investigations. 75,750 These experiments 


ae © 8 a: 8 8 i 7 Ml 
eee = ? cea £8 S see flat plate of length z with turbulent flow over the whole surface. Figure 
3 ee = - 46 shows the skin-friction coefficient for turbulent flow from Eq. (5.18) and 
Ss for laminar flow from Eq. (5.6). 
gee Nikuradse performed pipe experiments over a range of Reynolds num- 
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102 THEORY OF WING SKC INS 
The assumed skin-friction law may be liq. (5.22) or the following formula 
suggested by Tetervin?”° 
-t. == : ; (5.24) 
pv) o5 in UE SSS 


9.5(1 — 5V7/pU?) 
The values of c, corresponding to Isqs. (5.22) and (5.24) are plotted in 
Fig. 47. 

"5.10. Calculation of Thickness of the Turbulent Layer. A anata 
of the thickness of the turbulent boundary layer is required for severa 
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Fria. 47. Local turbulent skin-frietion coefficient as a function of the boundary-layer Reynolds 


number. 

purposes. The profile drag of the wing 1s, of course, intimately a 
with the thickness of the boundary layer at the trailing edge. It is also 
desirable to know the thickness of the boundary layer at various ane _ 
the wing surface in connection with the study of control surfaces, high- 

ices. air intakes, and protuberances. 

. The thickness of the turbulent boundary layer can be calculated from 
the momentum equation (5.11) if a relation between the local oo 
coefficient and the dependent variables 6, q, and H 1s known. Values of t e 
skin-friction coefficient have been found by assuming that the relation 
between the boundary-layer Reynolds number fe and the skin-friction 
coefficient c, is the same as the corresponding relation found en A 
experiments. This relation has heen plotted in Fig. 47. Althoug : is 
relation may not be very accurate, particularly for values of the shape 
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skin-friction law of the type indicated by Eq. (5.23). In this case, Eq. 
(5.11) may be written in the form 


dé pee Ar 


de \"U jaz” ™ (pu) 


The value of the factor (H + 2) is not greatly affected by the value of 
H,*which usually has values of about 1.4 or 1.5 with extreme variations 
from about 1.2 to 2.5. Detailed calculations have shown that excellent 
agreement can be obtained between experimental and calculated values 
of 6 if H is assumed to be constant and to have a value! between 1.4 and 
1.6. With H assumed constant, this equation is seen to be of the Bernoulli 
type, and it can be integrated to give the value of @ as follows: 


¢ 1 + nyd [7/U\HDeotptt x 
a 7 oTTeAl ZR” Javc () a 


n4+1 TN (H4+2) (n+1)77 1/ (148) 
+(%) () | (5.25) 


Cc 


@-" 


§.11. Turbulent Separation. To determine the turbulent separation 
point, detailed information is needed concerning the velocity distribution 
in the boundary layer and the effects on the velocity distribution of such 
factors as the pressure distribution and the skin friction. Although the 
value of the shape parameter H can be found for any given velocity dis- 
tribution, the value of H in itself does not define the velocity distribution. 
The data collected by Gruschwitz® and by Tetervin™ show experimentally 
that the velocity distributions in turbulent boundary layers actually form 
& one-parameter family of curves and that the velocity distributions can be 
specified by the value of H. Velocity profiles for turbulent boundary 
layers!® are presented for various values of H in Fig. 48. The value of // 
increases as the separation point is approached. It is not possible to give 
an exact value of H corresponding to separation, because the turbulent 
separation point is not very well defined. The value of H varies so rapidly 
near the separation point, however, that it is not necessary to fix accurately 
the value of H corresponding to separation. Separation has not been 
observed for a value of H less than 1.8 and appears definitely to have been 
observed for a value of A of 2.6. 

An empirical expression was found™ for the rate of change of H along 
the surface in terms of the ratio of the pressure gradient to the skin friction 
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. parameter HT differing considerably from those found in pipes, such marked 
differences usually occur only when dq/dz is large negatively. In this case 
Eq. (5.11) shows that the contribution of the skin-friction term to the rate 


and the shape parameter itself. The following equation was derived to fit 
the experimental data: 
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Se of increase of the boundary-laver thickness do/dx is relatively small. . er = ¢4-680(H—2.975) | _ ae OF 2: 2.035(H — 1.286) (5.26) 
eae may accordingly be assumed for pract ical enleulations that c; 1s independen q 

eee af the alueol IT The skin friction corresponding to a given value of R» may be obtained 
me oS 7 : : . 
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ae Further simplification of the calculations is obtained by assuming & from Fig. 47 or from Eqs. (5.22) or (5.24). Equations (5.11) and (5.26) are 
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The results are presented in Fig, 50, which is a plot of the lower critical 
Reynolds number against the parameter \ that defines the velocity distri- 
bution through the laminar layer. According to the Pohlhausen method, 


surface irregularities or the turbulence of the air stream. The theory also 
does not relate the transition to the magnitude of the fluctuations of veloc- 
ity in the boundary layer. Under these circumstances, it is necessary to 
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data are discussed in Chap. 7 
5.13. Calculation of Profile Drag. In cases where it is known that the 


the velocity distribution through the layer is given by the following : 
ee : flow is not separated from the surface, the boundary-layer thickness at the 


formula 


fi 12+ r\y rf? (4-0/3, (6 —>\(¥ trailing edge of a wing section and the profile drag can be calculated from a 
Too Ge lar Ne Te =n ~G dNS knowledge of the potential-flow pressure distribution and the location of 
and ; transition from laminar to turbulent flow. The momentum thickness of 
—_ po" i the laminar boundary layer at the transition point can be calculated from 

bh alr 


“q. (5.12). The initial momentum thickness of the turbulent boundary 
layer is taken to be the same as that of the laminar layer at the transition 
point. The thickness of the turbulent boundary layer at the trailing edge 
can be calculated from Eq. (5.25). If the pressure at the trailing edge were 
free-stream static pressure, as in the case of a flat plate, the profile drag 


would be 
cs = 2(7) 


Figure 50 shows that decreasing pressures in the direction of flow are 
favorable to the stability of the laminar boundary layer and that increasing 
pressures are unfavorable. 

The theory has not. been developed to such a point that it can be used to 
predict transition, although it is useful in pointing out the fundamental 
rensons for the instability of the laminar layer at high Reynolds numbers. 
The theory does not relate the boundary-layer disturbances to either the 
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110 THEORY OF WING SECTIONS 
transfer to the plate has a stabilizing effect, 
for heat transfer from the plate to the (uid, 


Pressure Moch 
[aw | esate cnr | 
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while the opposite is the case 
This effect becomes stronger 








CHAPTER 6 
FAMILIES OF WING SECTIONS 


6.1. Symbols. 


Pr resultant pressure coefficient 
R radius of curvature of surface of modified NACA four-digit series symmetrical! 
sections at the point of maximum thickness 


: 
18 1030 
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Von Kormén's fominar-flow 
~2.2\ formula, C2 3.87R~/2 
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coefficient 
mean-line designation; fraction of the chord from leading edge over which loading 
is uniform at the ideal angle of attack 
ec chord 
Ci; section design lift coefficient 
Cm,,, Section moment coefficient about the quarter-chord point 


“24,5 48 50 52 


imber for several values of 


ax function of Reynolds mt 
M{aximum Mach number, 1.69. 


Fic. 54. Moment eocslicient for disks 
Mach number with air and Freon 12 as mediums, 


ic speeds 
as the Mach number is increased, and, at moderate cA Eanes 
comparatively small amounts of heat transfer to the plate stabilize 
laminar layer to very high values of the Reynolds number. 


d_ coefficient 
ki constant 
m maximum ordinate of the mean line in fraction of the chord 
p chordwise position of m 
r leading-edge radius in fraction of the chord 
r, leading-edge radius corresponding to thickness ratio ¢ 
t maximum thickness of section in fraction of chord 
v local velocity over the surface of a symmetrical section at zero lift 
Av increment of local velocity over the surface of a wing section associated with camber 
Av, increment of local velocity over the surface of a wing section associated with 
angle of attack 
z abscissa of point on the surface of a symmetrical section or a chord line 
zr abscissa of point on the lower surface of a wing section 
ty abscissa of point on the upper surface of a wing section 
z. abscissa of point on the mean line 
yi ordinate of point on the lower surface of a wing section 
yu ordinate of point on the upper surface of a wing section 
ye ordinate of pgint on the mean line 
¥: ordinate of point on the surface of a symmetrical section 
a; design angle of attack 
@ tan! (dy-/dz-) 
r trailing-cedge angle 


6.2. Introduction. Until recently the development of wing sections has 
been almost entirely empirical. Very early tests indicated the desirability 
of a rounded leading edge and of a sharp trailing edge. The demand for 
improved wings for early airplanes and the lack of any generally accepted 
wing theory led to tests of large numbers of wings with shapes gradually 
improving as the result of experience. The Eiffel and early RAF series 


were outstanding examples of this approach to the problem. 
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additional lift coefficient of approximately unity. Values of the velocity 
ratio v/V for intermediate thickness ratios may be obtained approximately 
by linear scaling of the velocity increments obtained from the tabulated 
values of v/V for the nearest thickness ratio; thus 


Si. (7), = (+), - 1 a+ : (6.5) 


Values of the velocity increment ratio Ave/V may be obtained for inter- 
mediate thicknesses by interpolation. | 

The design lift coefficient. c:,, and the corresponding design angle of 
attack a, the moment coefficient cm, ,» the resultant pressure coefficient Pr, 


act rd 
where ¢ = maximum thickness expressed as a fraction of the cho 


he leading-edge radius is 
a — r,= LAOIOE (6.3) 
It will be noted from Has. (6.2) and (6.3) that the ordinate . fe oe 
is directly proportional to the thickness ratio and that the He eee 
radius varies as the square of the thickness ratio. Ordinates a . 
ratios of 6,0, 12,15, 18) 21; and 2+ per cent are given im Appendix 1. — 
b, Mean Panes In order to study systematically the ee . v pe 
‘ ws ov. 7 ; 
We shape of the mean line, the shape 0 
of the amount of camber and the 8 , 
mean Jines was expressed analytically as two parabolic arcs tangent at 
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2% wa oni ‘nate. The equations” defining and the velocity ratio Av/V for the NACA €2, 63, 64, 65, 66, and 67 mean 
eee ie pee e ae ee ne : lines are presented in Appendix II. These values were calculated by the 
23 the mean lines were taken bo © method of Sec. 3.6. The tabulated values for each mean line may be 
a Ye ¥ ™ onr — a2) — forward of maximum ordinate assumed to vary linearly with the maximum ordinate Yes and data for 
es Pp (6.4) similar mean lines with different amounts of camber, within the usual 
= and Bia aoe eaten : range, may be obtained simply by scaling the tabulated values. Data for 
2a Ye = ” ,{(l — 2p) + 2px — x7] aft of maximu the NACA 22 mean line may thus be obtained simply by multiplying the 
323 come Ses eee data for the NACA 62 mean line by the ratio 2:6, and for the NACA 
ae where m = maximum ordinate of mean line expressed as fraction of ¢ dances Hie be-multiplying the deta for the NACA 64 mean line by thé 
3 p= chordwise position of Ingximwm ordinate : ea ratio 4:6. 

24 It will be noted that the ordinates at all points on t ee pels! Approxiiidte:thearstical -presvuredistmbutions many: be cobeained tor 
ee directly with the maximum. ordinate. Data defining t : a ie dambered svinw sections troni the Libulnied date for the thickness-{onme 
28 mean lines with the maximum ordinate equal to 6 per cent of the chore and mean lines by the method presented in Sec. 4.5. 





ith inate 
presented in Appendix IT for chordwise positions of the maximum ord 


50, 60, and 70 per eent of the chord. | 
. . 7 oe System. ‘T i. numbering system for NACA ee 
of the four-digit series is based on the section geometry. ‘The rs 2 me 
indicates the maximum value of the mean-hine ordinate Ye 1n eS a O : 
chord. The second integer indicates the distance from the . a aes 
to the location of the maximum camber in tenths of the oe : Z 
two integers indicate the section thickness in per cent es a ae 

the NACA 2415 wing section has 2 per ae eamber at 0.4 of the 

| ading edge and is 15 per cent thick, | | 
ah Aes ee taken together define the mean line, for ae 
the NACA 24 mean line. Symmetrical sections: are designated y eh 
for the first two integers, as in the ca of oe ACA 0015 wing section, 
are the thickness distributions for the famauy. ks 
wae gs oor Theoretical Characteristics. ‘Values of (v/ ae ee 
equivalent to the low-speed pressure distribution, and values a ie 
presented in Appendix I for the NACA 0006, 0009, 0012, 0015, 2 oe 
and 0024 wing sections at zero angle of attack. These values were iss 
culated by the method of Sec. 3.6. Values of the velocity ates : 

Avo/V induced by changing angle of attack are also presented 10 
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6.6. NACA Five-digit Wing Sections. a. Thickness Distributions. The 
thickness distributions for the NACA five-digit wing sections are the same 
as for the NACA four-digit sections (see Sec. 6.4a). 

b. Mean Lines. The results of tests of the NACA four-digit series wing 
sections indicated that the maximum lift coefficient increased as the posi- 
tion of maximum camber was shifted either forward or aft of approximately 
the mid-chord position. “The rearward positions of maximum camber were 
not of much interest because of large pitching-moment coefficients. Be- 
cause the type of mean line used for the NACA four-digit sections was not 
suitable for extreme forward positions of the maximum camber, a new 
series of mean lines was developed, and the resulting sections are the NACA 
five-digit series. | 

The mean lines are defined® by two equations derived so as to produce 
shapes having progressively decreasing curvatures from the leading edge 
aft. The curvature decreases to zero at a point slightly aft of the position 
of maximum camber and remains zero from this point to the trailing edge. 
The equations for the mean line are 


Yeo = Vek (x? — 3mzx? + m2(3 — m)z] from z=0Otozr= a 6.6) 
Yo = Vekym3(1 — zx) fromz=mtor=c= 1 
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Data®* for some of the modified thickness forms are presented in 
Appendix I. The data presented may be used together with data for the 
desired type of mean line to obtain approximate theoretical characteristics 
by the method presented in Sec. 4.0. 

The family of NACA wing sections defined by these equations has been 
studied extensively by German acrodynamicists, who have applied designa- 
tions of the following type to these sections: 


NACA 1.8 2) 14-L.1 30/0.50 


where 1.8 = maximum camber in per cent of chord 
25 = location of maximum camber in per cent of the chord from 
the leading edge 
14 = maximum thickness in per cent of the chord 
1.1 = leading-edge radius parameter, 7/0 
30 = location of maximum thickness in per cent of the chord from 
the leading edge 
0.50 = trailing-edge angle parameter, (1/t) (tan 7/2) 
and t = thickness ratio 
r = leading-edge radius, fraction of chord 
r = trailing-edge angle (included angle between the tangents to 
the upper and lower surfaces at the trailing edge) 

For wing sections having this designation, the selected values of the 
leading-edge radius and of the trailing-edge angle are used directly with 
the other conditions in obtaining the coefficients of Eq. (6.7): The selected 
values for the maximum camber and location of maximum camber are 
applied to Eq. (6.4) to obtain the corresponding mean line. 

6.7. NACA i-series Wing Sections. The NACA 1-scries wing sec- 
tions: 18 represent the first attempt to develop sections having desired 
types of pressure distributions and are the first family of NACA low-drag 
high-critical-speed wing sections, In order to meet one of the require- 
ments for extensive laminar boundary layers, and to minimize the induced 
velocities, it was desired to locate the minimum-pressure point unusually 
far back on both surfaces and to have a small continuously favorable 
pressure gradient from the leading edge to the position of minimum pres- 
sure. The development of these wing sections (prior to 1939) was ham- 
pered by the lack of adequate theory, and difficulties were experienced in 
obtaining the desired pressure distribution over more than a very limited 
range of lift coefficients. As compared with later sections, the NACA 
l-series wing sections are characterized by small leading-edge radii, com- 
paratively large trailing-edge angles, and slightly higher critical speeds 
for a given thickness ratio. These sections have proved useful for pro- 
pellers. ‘The only commonly used sections of this series have the minimum 
pressure located at 60 per cent of the chord from the leading edge, and data 
will be presented only for these sections. 


It 
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a. Thickness Distributions. Ordinates for thickness distributions with 
the minimum pressure located at 0.6c and thickness ratios of 6, 9, 12, 1o, 
18, and 21 per cent are presented in Appendix I. These data are similar 
in form to those presented for the NACA four-digit series. These sections 
were not developed from any analytical expression. The ordinate at any 
station is directly proportional to the thickness ratio, and sections of 


| intertiediate thickness may be correctly obtained by scaling the ordinates. 


b. Mean Lines. The NACA lI-series wing sections, as commonly used, 
are cambered with a mean line of the uniform-load type [Eq. (4.26)]. 
Data for the mean line are tabulated in Appendix II. This type of mean 
line was selected because, at the design lift coefficient, it does not change 
the shape of the pressure distribution of the symmetrical section at zero 
lift. This mean line also imposes minimum induced velocities for a given 
design lift coefficient. 

c. Numbering System. The NACA 1-series wing sections are designated 
by a five-digit number as, for example, the NACA 16-212 section. The first 
integer represents the series designation. The second integer represents 
the distance in tenths of the chord from the leading edge to the position of 
minimum pressure for the symmetrical section at zero lift. The first num- 
ber following the dash indicates the amount of camber expressed in terms 
of the design lift coefficient in tenths, and the last two numbers together 
indicate the thickness in per cent of the chord. The commonly used 
sections of this family have minimum pressure at 0.6 of the chord from the 
leading edge and are usually referred to as the NACA 16-series sections. 

d. Approximate Theoretical Charactcristics. The theoretical aerody- 
namic characteristics of the NACA 1-series wing sections may be obtained 
by application of the method of Sec. 4.5 to the data of Appendixes I and II 
by the same method as that described for the NACA four-digit wing 
sections (Sec. 6.4d). 

6.8. NACA 6-series Wing Sections. Successive attempts to design 
wing sections by approximate theoretical methods led to families of wing 
sections designated NACA 2- to 5-series sections.® Experience with these 
sections showed that none of the approximate methods tried was sufficiently 
accurate to show correctly the effect of changes in profile near the leading 
edge. Wind-tunnel and flight tests of these sections showed that extensive 
laminar boundary lavers could be maintained at comparatively large 
values of the Reynolds number if the wing surfaces were sufficiently fair 
and smooth. These tests also provided qualitative information on the 
effects of the magnitude of the favorable pressure gradient, leading-edge 
radius, and other shape variables. The data also showed that separation 
of the turbulent boundary layer over the rear of the section, especially 
with rough surfaces, limited the extent of laminar layer for which the wing 
sections should be designed. The wing sections of these early familics 
generally showed relatively low maximum lift coefficients and, in manv 
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122 THEORY OF WING SEC; IONS 


The latter designation indicates that. the ]L per cent thick section was 
obtained by linearly sealing the ordinates of the 10 per cent thick sym- 
metrical section. 

If the design lift coefficient in tenths or the thickness of the wing section 
in per cent. of the chord are not whole integers, the numbers giving these 
quantities are usually enclosed in parent heses as in the following example: 


NACA 65¢1y-(1.5) (16.5 a=0.5 


Some early experimental wing sections are designated by the insertion 
of the letter 2 immediately preceding the dash as in the designation 
G6,27-015. 

Some modifications of the NACA 6-series sections are designated by 
replacing the dash by a capital Ietter, thus 


In this case, the letter indicates both the modified thickness distribution 
and the type of mean line used to camber the section. Sections designated 
by the letter A are substantially straight on both surfaces from about 
0.8c to the trailing edge. 

d. Approximate Theoretical Characteristics. Approximate theoretical 
characteristics may be obtained by applying the methods of Sec. 4.9 to 
the data of Appendixes I and IL as described for the NACA four-digit series 
sections in Sec. 6.4d. If two or more of the simple mean lines are com- 
bined to camber the desired section, data for the resulting mean line may 
he obtained by algebraic addition of the scaled values for the component 
mean lines. 

6.9. NACA 7-series Wing Sections. The NACA 7-series wing sections 
are characterized by a greater extent of possible laminar flow on the lower 
than on the upper surface. These sections permit low pitching-moment 
coefficients with moderately high design lift coefficients at the expense of 
some reduction of maximum lift and critical Mach number. 

The NACA 7-series wing sections are designated by a number of the 
following type: 

NACA 7474315 


_ = 8 


The first number 7 indicates the series number. The second number 4 
indicates the extent over the upper surface, in tenths of the chord from the 
leading edge, of the region of favorable pressure gradient at the design 
lift coefficient. The third number 7 indicates the extent over the lower 
surface, in tenths of the chord from the leading edge, of the region of 
favorable pressure gradient at. the design lift coefficient. The significance 
of the last group of three numbers is the same as for the NACA 6-series 
wing sections. The letter A which follows the first three numbers is a 
serial letter to distinguish different sections having parameters that would 
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correspond to the same numerical designation. For example, a second 
section having the same extent of favorable pressure gradient over the 
upper and lower surfaces, the same design lift coefficient, and the same 
thickness ratio as the original wing section but having a different mean- 
line combination or thickness distribution would have the serial letter B. 
Mean lines used for the NACA 7-series sections are obtained by combining 


ce ~ two or more of the previously described mean lines. The basic thickness 


distribution is given a designation similar to those of the final cambered 
Wing sections. For example, the basic thickness distribution for the NACA 
747A315 and 747A415 sections is given the designation NACA 747A015 


even though minimum pressure occurs at 0.4c on both the upper and lower 


surfaces at zero lift. Data for this thickness distribution are presented in 
Appendix I. 

The NACA 747A315 wing section is cambered with the following com- 
bination of mean lines: 


: = 0.4 C1, = 0.763 
a=007 > 0.463 


The NACA 747A415 wing section is cambered with the following com- 
bination of mean lines: 


a= 0.4 C1. = 0.763 


a=0.% Cc; = — 0.463 


a= 1.0 ¢1, = 0.100 


6.10. Special Combinations of Thickness and Camber. The methods 
presented for combining thickness distributions and mean lines are suff- 
ciently flexible to permit combining any thickness distribution, regardless 
of family, with any mean line or combination of mean lines. Approximate 
theoretical characteristics of such combinations may be obtained by ap- 
plication of the method of Sec. 4.5 to the tabulated data. In this manner, 
it is possible to approximate a considerable variety of pressure distributions 
without deriving new wing sections. 


O} AJesO]a puodso1109 07 4eodde sq[nser auuNy oy} ‘afqrsrySou st souetnqan’ 
SUIUIVWIOT 9Y} JB} UMOUY ApoWUyep you st 41 ysnoyrye ‘pur {qua0 a 
J0 SY{]porpUNyy AJ B JO JOpso vy) Jo ‘MO] AJQA SI [OAD] BOUDTNGANy JoUUN} oY 
SOUL]CIY vBIUL ALVA JOJ SpUod} V}VOIPUL OF SJOQUINU SP[OUAYY JOBZIV] ait 
jE puv souvdary [vuossiad Jfuurs 0} squoydde stoquinu s Ao : 
qu UVP awoOs aptaoid Of BpuuL UvVq VAB 's | Loess 
neal Paneer Q VARY S}so} [VNPLAIpUy ‘osu BYSIY 
I = [ 94} puv LLP 4so0} O[vos-MO] TeNsN ay} UIdAJoq posoUdodxe 
sae a1 S}0ay0 Q[VIs-VBIV] OJON BZUvI OY} SIOAOD saaquINu spjousory 
: ae oot rare ump eran Yovjy gv puv uoTIW ~G 0} 
ADY JO VAUBI V IOAO OPVUL VIVAL S]NO} [UNSN VY T 
sasaki “AIVINVIG JO DOIGOp YR VB YILA SpUOUTOINSvOUL 
2 Q UV SOSOPIVITYI UOlpvas-Bul Ay ‘aouvyjeq v Aq 
ae poinsveauwl dG sjudtUOU Suiyoyd ay} pus ‘syuouInstaur AdAIns 
penne as SI BvIp OWL ‘OUUN} OY] JO suli90 puvB JOO oY} uO 
ae Y} duljuvsoidod Soinssoid jo uorjvasoyul Aq pounsvaur st YT] 9 
eee {80} BY} JO YPPLA 4OOJ-E ay} uvds £jox01dwr09 pus psoyo 400 Zz O ae 
“ero ENS OUT ‘secoudsoure Gy OF dh soangsoad oe ticici)edo eee 
St puv Ys] 4ooj S77 puv opt 4oJ E UOT{IOS 489} TB svY ei fa 
ne se oy ee WOIf POUTB}GO BOM BOY paquasoid Byep 
a = Ha ae i yG oY} Jo yyy durtyovoiddy ‘aouatnqiny roy 
— I [ SIOQWINU SPlOUADY IFAT] 4V MOT [CUOISUAUTIP-OA\} UL 
ses SULM BUI}S9} 10] SAI IOV] Saptaold ,.,JauuNy onssoid sduaTNGIN}-Aoy 
ee VOVN LL | “VOVN oy} Aq aytng sv. yuowudinbo 3urysa4 
[p-O.} JOUUN] PULA 97} JO OZIs O17} 07 DAIBTIOI OFIV] JUV YET} Spopour 
JO Juljsa} JIuod 0} puv son[NoysIp dsoy} JO oWIOS PIOAv 04 JOpAO UT 
vep 8YOOTJO drt} put s 
hae paluva Zuravy A[liessaoau sjopour 7 eee ee. 
ee UL PUY SJo]joa VOUBIAJI9}JUL PUB SoITy jaoddns OY} OJ yep ou} 
(jo0100 Aj1odord ul posuatadxa asa. sanpnoytp Ly “S[oppow pur yuou 
-dinbo JO} 4soo9 aAtssooxe ynoyyA Apsadosd suonipuoa WSF ayeoydnp 04 
ee WdI}S-ItG MOT ATJUDIIWNS pues Jaquinu spjousoyy aut Jo SaNVa 
ae as oe 2) ren otf} Aq posodurry st Surso} Jo poyyour sty 7, 
ee JO OGA} SIY} JO SOTMUIVXD JIOM 4, -g,-o,[OUN] puULM ATISUAa 
Y[QULVA VOW N oY} ULSUOIVSI}SIAUL OtyBWIAISAS OY, “SUTIO d quoi : 
jO SsULM JO Sorystiaqzovaeyo ayy yarpoad eee 
sera eri dear | [} JaIpaid 07 posn uo} dau TYVp pdalop 
oe . | - I}UI~JNIGST-IPUY JO $4Soy WIJ PIUIV}qO VILP WOI] padtop 
; 4} SolsNezoviByo UOI}dS-3uLM Jo ydaou0d 94} 07 pa, AIO9Y. Buin 
10 juotUdOpoAap ay, “ores yoodse ajzruy jo sjaffour jo iso WO. pournygo 
pe OOM SONSMapOVITYS BuULM A[yUIIaI [WU ‘Furyso} BGISEATO LOG : 
a moan ee [[9s pue uMOY AT[NJssavons o19M souVyduire 
pa ee ns OpVIBYS BULM JO SUOTIVINSOAUT [OUUN}-pUr A, 
Hae ov nie xo pede dIV USISIP JOJ p9sn SorjstioyvVieya UOrJIas 
Tid aSay} Japuy ‘sovjins ay} jo yued ajquivaidde uv 3A0 


CSI SNOILOAS ONIA dO SOLLSTYHYLOVUVHO IVINYINWIT  IXd 





bol 

payeredas st Moy ay} jt soUepyUoD WIT payepnoyed aq uvd SOlyslezBIBYS 
duim ay} Jo wUON ‘uOT}eIEdas Aq pasnes sadueyo oie] Ajsnoties 384} pus 
woke Arepunog payeredasun ay} jo ssauxaty} quowaovdsip ay} Aq posnvo 
adeys Apoq jo soduvyo aalzooyo [[VUS A[DAIPVIOI BY} 0IB SMOY jeiyuajod pus 
SNOVSIA OY} UdVANJG SUOIJIVIOZUL SNOLAG() “UAOU BI UOLFNYLIysIp anssoid 
au} qvyy poptaoid “suolzIpuos JOAR]-ALBpuNoY Vy} Jo BWOS JO UOTPE[N[Cs ay} 
qrmad ¢ ‘duyd jo salaoey} snoosta 04 Aprepwig [ews ae uoryNqlysip 
aansyoid ay} UO MOP TaAB]-ArepuNog Vy} JO SpI}jo aut yey? poplroid “paye] 
“Novo oq 0} MOINGI}STp gainssoid ayy quad p pus g ‘sdeyy) Jo sol10oyy ping 
-yovjiod vyy ‘OoUTYSUI 10, T ‘Appiquoyddy [[V-A0 ALOY} PUNT SALOU} asay} Jo 
juawdopoaep oy} Ul speuL suoct}duinss¥ durdpyduis ay} nq “suoryzovs SULA 
JO SoljslIaPBIBYI UID JO epEUT oq O} SUOIJR]NI[VI a}VinI0B ATQBUOSBII 
yued g 03 g ‘sdvyD ul poyuosaid soio0oy} oy L, ‘aon INponU “SL 


iv jo Ayisuap sseur 9 
11g jo AzisoastA 7 
uorpayep dey jo aduc 9 
YOUzZIT JO ajZuy uorpas 9” 
aul] Ploy ay} WA, poNsvaUT 9yCUTPIO A 
afipa Zuipval ay} Wosy poINsBoul BsslusqE z 
oully 
gsouysnol jo WYsIaY YY 
quiod proyo-Jeyunb ay} yNoqu YUDLIYJIO quawoul-BZuryoyid WOrpoIs © r/oug 
19jU9D WWIBUAPOIIY 9} JOT qudWYJa0o quowow-Buryoptd uotyas “9 
quatayjoos 4jl] UOTPOAS WINUIIXTUT 
quaryjood yt] UZIsep 79 
GUDIOIPYJaOd 4jt] UOTPIVS 19 
quaryyjaeo UOTPOLJ-ULYs8 [BIOF fg 
quaroyjooo Bvup UOIzoes WINUTUIUT mma 
quaiayjeoo Bvap uoiyoes 9 
paoya 92 
1a}uao stmIvUApoOlas 90D 
YoUzPU JO a[Buv [vopl oy} 7B UO}IUN st 
jo uoIpVI] ‘uoIyeUusisap aul{-UvouT 
wvaays aa1j By JO Ap WOIA 
waAup Arepunoy ayy aptsyno qsuf Apo0jea 
W/o 49 ‘saquinu spjousoy 


"sjoquiAS “TL 


xv 


Surpvoy yoy JaA0 espe ZutpRa] WoIy Ploy 94} 


Sb s 


SNOILOES ONIM dO SOLLSMAALIVAVHS TV LNAWIadX a 
° + UALdVHO 

























Bae kon eqn ag ; ; i oF Bo ag ie ee ee aes , 2 BR Pe kek te 8. Cdl ee 8 rete i 
seco oadicg thats Ly 1 pak Maes at gate hoy ON PRO fig eh Coe Ve sag he HWS ceed gigs Pha ea ef a SK ie tee PEE 
gia Pa aati ane Sas ye erties ng agar. an si ap Aa + hin lass ay tha den 45 OEE 
A CG EA Ee Mage EE pou en aE “3 EE AT? SE gE tees We tpt TRS Rhee 
MOR ey Foy bee Sy ps Og parE Bete Ee shat, ' if ee “4 ee Beg Be tf A a a Reig. 
UBM CAegachini reek i Uaioe is Duda SSPE HEM casks 5 hia atads Paine Fea, Mad 








— 
Measured section angle of zero lift, deg. ieasured section angle of zero lift, deg ny 
we t ’ ‘ 
nN oO fu Gay on 
: r= 
© 
_ eax 
> 
= ~~ 
> > “t 
. O - 
= > Oo 
a - 
o sn - 
— 5 o beet 
nat oer : 
Cc & > ao C mms 
: oe 7 = 
on ag a OU wt 
oz » ~ ox 
> 2 3 3 me 
oO 7 oO. @ ais 
a> 3 is 
3 53 
En @ a ona “oe o 
Zw @ 2 S 
as To 
io 9 ao 4 — 
- $44] he oO 
45 5 oa ® HY F > 
a ee C hs as : 
= @ 2 ct cr ON ; = 
a ee 2S 
= 2 cr is oO 4 - 
$9 s 2 me 4 = 
© 
& i a a N 
3 : 4+ Oo 
o oO a = 
o 2 y 
O a ey 
“4 
3 
o fe 
— 
5 apoac 
= aepoo ; . w 
3 
= ooo0°0 Q YEPES 
5 nf - o r+ oO fF 
> Tee oe 
® wn = 
° 
mn O. o. 
i. bh 
Z c 
at me 
5 ee 8S 
> 





Measured section angle of zero lift, deg Measured section angle of zero lift, deg 


t 
3 
*satuas -'9 WOWN 
EX. 


8 
(9) 


“‘SIOQUIVD PUY Sessa HOY} SNOLBA JO SUOTIOES IOJIIB 
et 
fe aue 


9T 


*sotzes -49 YOYN (P) 
pxoyo jo queored ‘sseuRHoTy. TTOJITY 


‘OT X 9 'Y 


puoyo jo quooued ‘sseuHoTUI TTOJuTV 


SNOLLOGS DNIM JO SOLLSTUALOVYUVHO TVINAINT 





LZ1 


-wnu sppoudey jo uotTuvA “(9013p Jod QT]'9 10 ‘uLIpvs Jod uz) SUOIzIOS 
Sut ULY} JO A1OItP} OY} AG UDAIT ANIVA JY} 07 OsOp) AdoA OdO[s DAINI-FFT] OYA 
JO SONIA DALY SUOTJVOS BULM SOLUs-— 9 WIYVN YY} puv solos JIstp-oay pur 
-INO] YOVN oy} ‘}u00 Jod Q] 0) 9 Wody SONAL SSO yoy, Jo osuvL OY) UT 
"SUGL}IOS BULA SULIOS-Q YOVN 
QU} JO} BBuLI Bvip-moy oy} JO dopud oY} UL ApOPVUTtXOIddE st JUdLOYJooo 
VW SIT, “SuOrdes Zura oy} JO JULTOYJood 4] UBIsop oy} 0} [eNbs Ajoyeu 
axolddv quayjooo Fly op} JO SONpVA BV UOTTPLUL Gg JO oquINuU SspfOUAdYY V 10j 
POINSVIUE BA OdOYS VAANO-}P VY} JO SONTRVA vsvy yp, "2G “shy UL OLPUL ssou 
“Yor, ySUIBZU po} ord ov suotjoos HULM Sollus-g YW, ) VN Puv soles PWSrp-oay 
PUL -~INOJ YOYN Jo doqunu v oj sodoys vAmnv-yuvyp  ‘adojgy aauno-7fvT “q 
‘g2°Q Apoytunxoidde st 1oyovy siy) ‘ouly uvour Jo odAy proy 
-ULIOJIUN JY} YILAL SUOT}VIS SOLVS-Q WOYVN oy} doy puv ‘gg T Apeyeurrxordde 
St 10JIVJ SIY} ‘SuOI}IVS BUM soltus-YEZ WIYN ey} Jog ‘“suoryos Buin 
uly} Jo A109y} oY} Aq UALS aNjLVa oy} Jo Eg'Q ApovuXoAdds o1V YJ] O10Z Jo 
Su[duv JY} ‘sUOT}OIS BULM SOLOS PSIP-InoJ YWOYN oY} Joy “aqurvo JO uory 


(papnpuoy) “9g “DIY 
*seTIeS -99 YOWN (9) 
proyos Jo queoszed ‘seeuHoTYy TTOJATV 





Sep asl o1ez Jo eTBue uozzoes pounsven 


“NYljsIp SsauxoIy} JO odA} OY} JO SSu]pAVSet JJl] O1UZ Jo vjsuv oy} UO Jooo 
OW] eavy 07 suvadde uorjoos Zura oy} JO orvs ssouypry} WYP “OG “SLY 
UL poJUdsoId o1v sUOI}IOS Buia saves-g WOYVN puv ystp-vay pue -~Inoj 
VoOVN Jo roquinu ¥ JO} Yt] O10z Jo soyZuv oy} Jo sunywa [VpUwLodNy oy L, 
‘peyaipoaid UBY} SvIBIP QO} Jyso0]) 
A[[WlOUIT 1B 9UT] UVIUT JO dA} SIT]} OJ YJt] OLOZ JO SOpSuV of, “OUT] ULOUT Jo 
({ = v) odA} proy-wojiun ay} 10j ydaoxa poos St JUSWIOIIZE OY} FU? SMOYS 
A] Xtpuoddy jo vyep yezyuowrsodxo oy} Yyta J] xipuoddy ul uoals vyup 
[veljo10ay} ay} Jo uosuvdwod ‘“pasn ouly UvoU jo ad.4} vy} UO spuodop 


6S1 SNOLLOUS ONIM AO SOLLSTUDLOIVAVHD TVINAW od Xd 





AJI] O10z Jo Sopsuv peyuouodxo oy} PUB pop 944 UaaMjoq JUBWIIBIF 
aut, ‘1 xipueddy ur pojuosuid vyvp vulf-uRour 94} WOsY Jl] O19Z JO ojdue 
ay} Buljyndusod Joj suvowl B sopraoid suorjoas Bur jo Aosy} oY, “Jequruo 
ayy Aq pouruoyop AposIvp St WOLDS BuIM T JO Yl] O1dZ JO apduB ot} ‘F 
‘dvy ul poyvoipur sy 7/2] 0497 foabuy ‘Dp ‘sonstezoeIeyy IIT PL 
‘gayoul PZ JO psoys B YPM UWO!IIG V JO gIIUjANs YPC Buoy 2y)'O OF expe surpsel 


94} Wolj Balw 34}, jo YUsu aad QO] ©} gy dvAoo 079 Apuryy pyaids wnpunsogiwa uivigz YOUl-[TOO0« 
«caitlin een 





6 ‘9g yyooulg mr  AOUOTY 
YyOouly co BUACT 





Opis puvy-PyANy 


i EL 
ee 


9 09 yyooug Dieses qQuaUHOyY 
60% 0) {yooulg He MUO TY 
9 OD sudnoy. ere wy 
9 09) yyooug. fo WT 
9 Q sysnoy fo ay 
6 ‘9 'S 0 yjooug fo Wy 


Opis PUTY-3JO'T 
A 








BUOT] [IW sooIBVp anes 
‘Tquinu uoTpspop a ng OPSMIPIUIVYL ) 
sprous9y] duy qyydg 


‘poyuasaid a1v ofqe} SULMOTIOS 94} UT 
payvoipul BpEp oy} ‘sosto ysour UT ‘quotaod Fl OY} JurEsT payjojd ae 
jayUso oWITUA POET oY} Joe JWOLOYJIoo FUOWOUT puv JUdIOYyjeod SBIp 9} 
jojd yous jo opts pULYy-IYTU oy} UC *Y9VIPE JO qjsue oy} ysulede pe}jo]d 
o1v juiod psoyp-soyenb oy} yNogV JUS Yo JUVUIOUL OY} PUB JUDLIYYIOI 
ayy oyy ‘qopd yrs jo apts puvtf-jjey 94} UO ‘saajoureiud odeys Jo aduvd apLn 
v 10J AT Xipuoddy ut popuosvid o1B SorsLopOVIVy) U01}IIS-BUIAM JO S}OLT 

"YUTOYJI09 4] TT 
qsuIvSt S}UBTOYJOOD JUOWUOU PUL ‘Grip ‘you jo opsuv Jo sjo]d ‘Ajo}BU10}/2 
‘IO YORI JO a[duv SUCH S]UIOTJOOo quowoul pur ‘svip “FIT ay} Jo s}0[d 
jo suvaur Aq Sl SUOTZIVS BULAN JO SOLJSLIDPIVIVYD OY] Suijuosaid jo poyzou 
pivpuULyS OYJ, “UOrjoos ay} JO you Jo a[suv oy} JO SUOTPOUNJ VB Seo10j 
aso], “(quowoU Furyoqid OY}) Soto} OA} asoyy Jo auvyd oy} Ul JUOWOU 
e £q pue (Ajaarjoodsos “Svip pue Ill oy}) WUdaI}s 1G OY} 0} joy[easd pus 
repnotpuedsod 9010} jo squsuoduioa oy fq poytoods aq UB uoryoas BULL 
@ UO DIO] JUTY[NSO oT, “Sd}SHeyBIBYD grueukpoley prepueys “e'L 

‘ue TOAdWT BUODVq S} jo AyIqisso1dwl09 J.L0lM spoods yay 78 
ajqvordde you o18 VyEp 9SVY], ‘£10047 BULAN [VUOISUDUTIP-9914} JO Avenbape 
ay} uo spuedap uvds ayuy jo SSULM JO SoljsltayowITYyD 9Y} JO uoryoipaid 
ay} OF BYLpP UOLZOOS-SUIMW Ys] JO uoiywoyddy = "yysI UL poureyqo aso} 


SNOLLOAS DNIM AO AUCTHL 8ZI 





an Sip SS ae a TE ate eee 


yf 


130 THEORY OF WING SECTIONS EX: :cIMENTAL CHARACTERISTICS OF WING SECTIONS 131 


Ch eed hacia . . 
ingye N be ee RARER > Re mate fe mcbae Sa: 4 


ty ag 


Flagged symbols indicate rough conditicn 














o 
eT 
= = 
3 e 
ns gE ele 
“ae 
tsk © 
= bi itch. 
a8 “ a Sa pe ig Flagged symbols indicate rough condition 
oe Q , . : ‘ meh 
“3 ge .¢ 3k Pee ede ae eh 
aR = # = Pe pike aes 
An o i$ 
ise 4 Foe 
“Tk 2 a 
a ; . Par ete bp ee eae, sored tt ed 
oH 08 x 12 
WE bay e te e 
- 35 Fa ’ ‘ 
S : TTT Ter yy ae ts 
% - = i | _ —— Y 
: er Gee , Tyr LL ret 
“{ .06 - ; +10 + 





6 8 10 2 16 18 20 22 = 


Airfoil thickness, percent of chora 


{s) Na&CA four- and five-cigit series. 


dc, 

da, 
~ 
I= 


Liftecurve slope per degree, 


Airfoil thickness, percent of chord 
(d}) NACA 65-series. 


? 


Liftecurve slope per degree, 
° 
[eo 9) 





o 
.06 E 
4 6 8 10 12 14 16 18 22 t 
Airfoil thickness, percent of chord A 
: be 
(pb) NACA 63+ series. 4 
® 
o 
wi O °o 
5\s g 
og a 
p | 
5 
3 
pS] 
| 3 
: 4 


Airfoil thickness, percent of chord 
(oe) NACA 66- series. 


Lift-curve slope per degres, 





Airfoil thickness, percent of chord x 
(c) HACA 6h- series. : 
Fic. 57. Variation of lift-curve slope with airfoil thickness ratio and camber for a number of NACA airfoil sections in both the smooth and rough conditions. R, 6 X 108. 
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cent. In general, the rate of change of maximum lift coefficient with ENE Si: 
thickness ratio appears to be greater for sections having a thickness ratio ~ Neve: : 
less than 12 per cent than for the thicker sections. The data for the NACA : tee ° a2 
G-series sections (Figs. 58b to d) show a rapid increase of maximum lift ££ 
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coefficient with increasing thickness ratio for thickness ratios less than oh a= 

12 per cent. The optimum thickness ratio for maximum lift coefficient 

increases with rearward movement of the position of minimum pressure § L aes 
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and decreases with increase of camber. | | 
For wing sections having thickness ratios of 6 per cent and for wing Airfoil thickness, percent of chord 
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thickness ratios from 12 to 24 per cent is uniformly favorable and nearly 
independent of the thickness ratio. Increasing the Reynolds number from 


cud pt 
a 


oe 3 to 9 million results in an increase of the maximum lift coefficient of 
3 approximately 0.15 to 0.20. The scale effect on the NACA 00- and 14- 
33 series sections having thickness ratios of 0.12c and less is very small. 
a4 T he scale-effect data for the NACA 6-series wing sections (Figs. 60c to ¢) 





_-do. not show an entirely systematic variation. In general, the scale effect 


x. 


_# 's favorable for these sections. For the NACA 64-series wing sections, 


g: the increase of maximum lift coefficient with increase of Reynolds number 
is generally small for thickness ratios less than 12 per cent, but it is some- 
what larger for the thicker sections. The character of the scale effect for 
- the NACA 65- and 66-series wing sections is similar to that for the NACA 
i _ 6d-series, but the trends are not so well defined. The scale effect for the 
> NACA 6-series wing sections cambered for a design lift coefficient of 0.4 or 
0.6 is greater than that for these sections with less camber. The data of 
Fig. 61 show that the maximum lift coefficient for the NACA 63(420)-422 
section continues to increase with Reynolds number up to values of at 
least 26 million. 
- 1 The values of the maximum lift coefficient presented are for steady con- 
ditions. It isknown that the maximum lift coefficient increases with the rate 
of change of angle of attack. The significant parameter is (day/dt)(c/V). 
Even such low rates of change of angle of attack as those encountered in 
landing flares produce increases of the maximum lift coefficient. 
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1.6 Pe | = || R ; d. Effect of Surface Condition on Lift Charactertstics. It has long been 

- known that surface roughness, especially near the leading edge, has large 

po EQ .0 x 10° : & » Sp y g cage, g 

aa ae effects on the characteristics of wing sections. The maximum lift coefh- 

™ a ee x owed . ¢ient, in particular, is sensitive to leading-edge roughness. The effect on 
A—f a TO 


maximum lift coefficient of various degrees of roughness applied to the 
leading edge of the NACA 63(420)-422 wing section is shown in Fig. 62. 
The maximum lift coefficient decreases progressively with increasing 
roughness. For a given surface condition at the leading edge, the max- 
(f£) NACA 66-series, - imum lift coefficient increases slowly with increasing Reynolds number 
Fig. 60. (Concluded) - (Fig. 63). Figure 64 shows that roughness strips located more than about 
F  0.20c from the leading edge have little effect on the maximum lift coefficient 

. or lift-curve slope. 
It is desirable to determine the relative effects of leading-edge rough- 
ness on various wing sections. In order to make a systematic investigation 
of this sort, it is necessary to select a standard form of roughness. The 
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ae standard leading-edge roughness selected by the NACA for 24-inch chord 
as models? consisted of 0.011-inch carborundum grains applied to the surface 


of the model at the leading edge over a surface length of 0.08c measured 
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Vie. 66. Variation of minimum drag coefficient with Reynolds number for several airfoils, 


together with laminar and turbulent skin-friction coefficients for a fiat plate. 
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Fic. 67. Variation of section minimum drag coefficient with camber for several NACA 


R-series airfoil sections of 18 per cent thickness ratio. R, 6X 108, 
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more important effect of lift coefficient is to change the possible extent of 

laminar flow by moving the minimum-pressure points. In many of the 

older types of wing section, the forward movement of transition is gradual 
and the resulting variation of drag with lift coefficient occurs smoothly. 

The pressure distributions for the NACA 6-series Wing sections are such as 

to fause transition to move forward suddenly at the end of the low-drag 

» Fange of lift coefficients. A sharp increase of drag coefficient to the value 

¥ corresponding to a forward location of transition on one of the surfaces 

~- Tesults. Such sudden shifts of transition give the typical drag curve for 

. these wing sections with a “sag” or “bucket”’ in the low-drag range. The 

;: Same characteristic is shown to a smaller degree by some of the earlier 

s wing sections such as the NACA 23015 when tested in a low-turbulence 
air stream. 

The data presented in Appendix I for the NACA 6eseries thickness 
forms show that the range of lift coefficients for low drag varies markedly 
with thickness ratio. It has been possible to design wing sections of 12 per 
cent thickness with a total theoretical low-drag range of lift coefficients of 
0.2. This theoretical range increases by approximately 0.2 for each 3 per 

; cent increase of thickness ratio. Figure 69 shows that the theoretical 
extent of the low-drag range is approximately realized at a Reynolds num- 
ber of 9 million. Figure 69 also shows a characteristic tendency for the 
drag to increase to some extent toward the upper end of the low-drag range 
for moderately cambered wing sections, particularly for the thicker ones. 
All data for the NACA 6-series wing sections show a decrease of the extent 
of the low-drag range with increasing Reynolds number. Extrapolation of 
the rate of decrease observed at Reynolds numbers below 9 million would 
Indicate a vanishingly small low-drag range at flight values of the Reynolds 
number. Tests of a carefully constructed model of the NACA 65421) -4 20 
section showed, however, that the rate of reduction of the low-drag range 
With increasing Reynolds number decreased markedly at Reynolds num- 
bers above 9 million (Fig. 70). These data indicate that the extent of the 
low-drag range for this wing section is reduced to about_one-half the 
theoretical value at a Reynolds number of 35 million. 

The values of the lift coefficient for which low drag is obtained are de- 
termined largely by the amount of camber. The lift coefficient at the 
center of the low-drag range corresponds approximately to the design lift 
coeficient of the mean line. The effects on the drag characteristics of 
Various amounts of camber are shown in Fig. 71. Section data indicate 
that the location of the low-drag range may be shifted by even such crude 
camber changes as those caused by small deflections of a plain flap. 

The location of the low-drag range shows some variation from that pre- 
dicted from the simple theory of thin wing sections. This departure ap- 
pears to be a function of the type of the mean line used and the thickness 
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is shown in Fig. 69 from which the 


, ratio. The effect of thickness ratio 
“3 center of the low-drag range ‘s seen to shift to higher lift coefficients with 
: y explained by the increase of 


increasing thickness ratio. This shift is parth : 3 
B ft coefficient above the design lift coefficient for the mean line obtained 
, when the velocity increments caused by the mean line are combined with 
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Ee ae 
the velocity distribution for the thickness form according to the first- Fes LV 
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At the end of the low-drag range, the drag increases rapidly with | | | | Rae ie 
increase of the lift coefficient. For symmetrical and low-cambered wing | [| | "Wea 
. » = te ate 
sections for which the lift coefficient at the upper end of the low-drag range 00, aie a 
ig moderate, this high rate of increase does not continue (Fig. 71). For Poise ls Heh deat we 


highly cambered sections for which the lift at the upper end of the low-drag 
range is already high, the drag coefficient shows a continued rapid in- 
crease, 

cs tae nf ada fae velar cantiane eambored with a uniform-load 
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Section lift coefficient, e, 


(0) Section drag characteristics at various Reynolds numbers. 
Variation of low-drac ranee with Revnolda number for the NACA 6511-420 airfoil 
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loading edge, will cause the flow to be largely turbulent. This coal 
necessary an extremely thorough inspection if low drags a ie - ee 
Specks sufficiently large to cause premature ee ree aa 
The inspection procedure tsed in the NACA two-dimensiona: low 
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tunnels is to feel the entire surface by hand, after which the surface is 
thoroughly wiped with a dry cloth. 
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It has been noticed that transition caused by individual sharp pro- 
tuberances, in contrast to waves, tends to occur at the protuberance. 
Transition caused by surface waviness appears to move gradually up- 
stream toward the wave as the Reynolds number or wave size is increased. 
The height of a small cylindrical protuberance necessary to cause 
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dicate that it is possible to obtain a matte surface without causing pre- 
mature transition but that it is extremely difficult to obtain such a surface 
sufficiently free from specks without sanding. 
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Wing Reynolds number, RB 
Fig. 74. Variation with wing Reynolds number of the minimum height of a cylindrical 
protuberance necessary to cause premature transition. Protuberance has 0.035-inch di- 
ameter with axis normal to the wing surface and is located at 5 per cont chord of a 90-inch- 


chord symmetrical 6-series airfoil section of 15 per cent thickness and with minimum pressure 
at 70 per cent chord. 
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Fig. 75. Variation of boundary-layer Reynolds number factor with projection fineness ratio 
for two low-drag airfoils. 


The magnitude of the favorable pressure gradient appears to have a 
mall effect on the permissible surface roughness for laminar flow. Figure 
77 shows that the roughness becomes more important at the extremities of 
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the low-drag range where the favorable pressure gradient 1s reduced on one 
surface. The effect of increasing the Reynolds number for a surface of 


Section crag coefficient, Cg 





Reynolds number, R 
(a) SMOOTH CONDITION 
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(b) LACQUER CAMOUFLAGE UNIMPROVED AFTER PAINTING 


Fig. 76. Variation of drag coefficient with Reynolds number for a 60-inch-chord model of 
the NACA 65 2)-420 airfoil for two surface conditions. 
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Section drag coefficient, Cy 


Section lift coefficient, 6 


i 
Fig. 77. Drag characteristics of NACA 65,421)-420 airfoil for two surface conditions. 


marginal smoothness, which has an effect similar to increasing the surface 
roughness for a given Reynolds number, is to reduce rapidly the extent of 
the low-drag range and then to increase the minimum drag coefficient 
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o which passed the straightedge test were sufficiently free from small waves the drag of the wing with roughness only at the leading edge decreases 
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to permit low drags to he obtained at flight. values of the Reynolds number. 
Ii does not appear feasible to specify construction tolerances on or- 
dinates of wings with suficient accuracy to ensure adequate freedom from 








\. oe, | 
OES, 


with increasing Reynolds number.! 
The effect? of fixing transition by means of a roughness strip of car- 
borundum of 0.011-inch grains is shown in Fig. 79. The minimum drag 
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Fra 80. Drag characteristics of two NACA 6-scrics airfoils with 0.011-inch-grain roughness g ool Fes 
at 0.30c. & * /| é AC f 
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waviness. If care is taken to obtain fair surfaces, normal tolerances may 





be used without causing serious alteration of the drag characteristics. 

If the wing surface is sufficiently rough to cause transition near the 
leading edge, large drag increases are to be expected even if the roughness 
is confined to the region of the leading edge. Figure 78 shows that, although 


0 .08 .16 2h 32 0 WB 156 164 672 
Section lift coefficient, o7 


Fio. 81. Comparison of section drag coefficients obtained in flight on various airfoils. Testa 
of NACA 27-212 and 35-215 sections made on gloves. 


7 x the degree of roughness has some effect, the increment of minimum drag Mcreases progressively with forward movement of the roughness strip. 
ee coefficient caused by the smallest roughness capable of producing transi- The effect on the drag at high lift coefficients is not progressive; the drag 
sue tion is nearly as great as that. caused by much larger grain roughness when increases rapidly when the roughness is at the leading edge. Figure 80 
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the roughness is confined to the leading edge.? The degree of roughness has 
a much larger effect on the drag at high lift coefficients. If the roughness 
is sufficiently large to cause transition at all Reynolds numbers considered, 


shows that the drag coefficients for the NACA 65(223)-422 and 63(420)-422 
wing sections® are nearly the same throughout most of the lift range when 
the extent of the laminar flow is limited to 0.30c. These data indicate that, 
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170 THEORY OF WING SE. IONS 


to 86. Figure 87 presents a comparison of the drag coefficients obtained 
‘n this wind tunnel for a model of the NACA 0012 section and in flight for 
the same model mounted on an airplane.* For this case, the wind-tunnel 
and flight data agree to within the experimental error. 

The wind-tunnel tests of practical-construction wing sections as de- 
livered by the manufacturer showed minimum drag coefficients of the 
order of 0.0070 to 0.0080 in nearly all cases regardless of the type of section 






ONACA 65(216)-417(approx.) as built 
ONACA 24015 (approx.) aa dullt 






Section drag coefficient, 


scsi Bese kis hoslpidbon bach 


e.2 
Section lift ers c, 


Fic. 84. Drag characteristics of the NACA 65.2417 (approx.) and NACA 23015 (approx.) 
airfoil sections built by practical-construction methods by the same manufacturer. R, 
10.23 & 108. 


(Figs. 82 to 86). Such values may be regarded as typical for good American 
construction practice during the Second World War. Finishing the sec- 
tions to produce smooth surfaces always resulted in substantial drag re- 
ductions, although considerable waviness usually remained. None of the 
sections tested had fair surfaces at the front spar. Unless special care is 
taken to produce fair surfaces at the front spar, the resulting wave may 
be expected to cause transition either at the spar location or a short 
distance behind it. One practical-construction specimen tested with 
smooth surfaces maintained relatively low drags up to Reynolds numbers 
of approximately 30 million [NACA 66(2r15)-116 wing section of Fig. 66]. 
This specimen had no spar forward of about 35 per cent chord from the 
leading edge and no spanwise stiffencrs forward of the spar. This type of 
construction resulted in unusually fair surfaces. 

Few data are available on the effect. of propeller slipstream on transition 
or wing drag; the data that are available do not show consistent results. 
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© MACA 66(215)-116. 100-inch shord, 0, 2 0.25 

© RACA 66(215)o116 (rebuilt model), Buf inch chord, @, = 0.18 
© ACA 23016, 100-inch chon, 0, = 0.19 

8 MACA 23016 (rebuilt modcl), 100-inch chord, e, 7 0.19 


32 = 10° 
tia number, fh 


Fia. 85. Seale effect on drag of the NACA 66(215)-116 and NACA 23016 airfoil sections 
built by practical-construction methods by the same manufacturer and tested as received. 
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Fria. 86. Drag acale effect for a model of the NACA 65-series airfoil section 18.27 per cent 
thick and the Davis airfoil section 18.27 per cent thick, built by practical-construction methods 
by the same manufacturer. c; = 0.46 (approx.). 
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Fig. 87. Comparison of drag coefficients measured in flight and wind tunnel for the NACA 
0012 airfoil section at zero lift. 
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174 THEORY OF WING SrvTIONS 


some cases, increases of drag have been not ed in wind tunnels when the 
model or its supports vibrated. A: tentative conclusion may be drawn 
from the meager data that vibration may cause small forward movements 
of transition on airplane wings. 

The skin friction associnted with a turbulent boundary layer on 4 
emooth surface decreases with inerease of Reynolds number, as shown in 
Chap. 5. This favorable scale effect is not obtained at high Reynolds 
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Mie. 90. Coeflicient of resistance of rough and smooth tubes dependent on Reynolds number. 


numbers on rough surfaces. An explination of this effect is that the pres- 
sure drag of the individual protuberances constituting the roughness con- 
tribute to the skin frietion when they project through the laminar sublayer. 
The shapes of the individual protuberances are usu: ally such that the scale 
effect on the presstire drag should be small. The result at large Reynolds 
numbers for generally roughened surfaces is that the skin-friction cocfh- 
cient is essentially constant. 

The general nature of the scale effects for rough surfaces has been 
indicated by experiments in pipes.2 These data (Fig. 90) show that at low 
Reynolds numbers the pipe-loss coefficient decreases with increasing Rey- 
nolds number at the rate expected for laminar flow. When transition 
oecurs, the pipe-loss coefficient increases to the value expected for tur- 
bulent flow over smooth surfaces. For very small roughness, the pipe-loss 
coefficient. decreases with increasing Reynolds number along the turbulent 
skin-frietion curve for smooth surfaces until large values of the Reynolds 


number are reached. For any given size of roughness, however, there ap 


' 
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pears to be a Reynolds number beyond which the coefficient increases 
slightly to a constant value. The value of the Reynolds.number decreases 
and the constant value of the coefficient increases as the grain size of the 
roughness increases. At large values of the Reynolds number, the rough- 
ness causes large increments of skin friction over the values corresponding 


to smooth surfaces. 


On the basis of the pipe experiments and reasoning similar to the fore- 
going, von Karman" obtained a forrnula for the grain size just sufficiently 
lurge to affect turbulent skin friction. This formula may be written 

pUk _ 4, /2 


le Cf 


pUk _ Reynolds number based on grain size of roughness and local 
u _- velocity outside boundary layer 
= local skin-friction coefficient 
For a wing of approximately 9-foot chord at a speed of 300 feet per second, 
the limiting grain size is approximately 0.0004 inch and varies only slightly 
over the surface, increasing toward the trailing edge. 

The effect of roughness on the drag of wing sections with largely turbu- 
lent flow is analogous to the effect in pipes as shown’ by Fig. 83. At the 
lower Reynolds numbers, the drag coefficient decreases with increasing 
Reynolds number at about the rate expected for turbulent flow over 
smooth surfaces. In this case, the drag remains essentially constant at 
Reynolds numbers above about 15 million. At a Reynolds number of 
70 million the increment of drag caused by the moderate roughness was 
of the order of one-quarter of the drag that would have been obtained had 
the favorable scale effect continued. The sensitivity of the turbulent 
boundary layer to roughness is so great that airplanes should not be 
expected to show favorable scale effects at large Reynolds numbers unless 
considerable care is taken to obtain smooth surfaces. 

It should be noted that, in contrast to the situation with respect to the 
laminar layer, it is relatively easy to obtain reductions of drag by attention 
to the surface conditions for turbulent flow. Iiven though the allowable 
size of the roughness is very small, each speck of roughness presumably 
contributes only the drag of itself and does not have any. appreciable effect 
on the skin friction over the surface downstream. Consequently favorable 
effects may be expected from careful finishing of the general surface of 
modern high-performance airplanes even though imperfections such as 
rivets and seams may be present. 

d. Unconservative Wing Sections. The need for low drags in order to 
obtain long range for large airplanes flying at speeds below the critical 
Mach number leads to designs having high wing loadings to reduce the 
wing arca and profile drag together with relatively low span loadings to 
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178 THEORY OF WING SECTIONS 


in Fig. 91 for a Reynolds number of 6 million. These data show that, in 
general, the lift coefficient at which the drag coefficient is 0.02 decreases 
with rearward movement of the position of minimum pressure and with 


Section lift coefficient at which section drag coeffictent ia 0.02 





Airfotl thickness, percent of chord 


(9) WACA 66- sertes. 
Fig. 91. (Concluded) 


‘nereased thickness above thickness ratios of about 15 per cent. For wing 
sections thinner than approximately 18 per cent, the effect of camber is to 
‘nerease this lift coefficient. For the thicker sections, however, increasing 
the camber becomes relatively ineffective and may even be harmful in 
extreme cases. The highest values of this lift coefficient for wing sections 
having thickness ratios greater than 15 per cent are obtained with the 
NACA 64-series sections having a design lift coefficient of 0.4. 
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7.6. Pitching-moment Characteristics. The variation of the quarter- 
chord pitching-moment coefficient at zero angle of attack with thickness 


Single flagged symbols sre for 60° simulated split flap 
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(a) NACA foure and five-digit series. 


Moment coefficient, 





Airfoil thickness, percent of chord 


(Do) NACA 63- series. 


Fic. 92. Variation of section quarter-chord pitching-moment coefficient (measured at an 


angle of attack of zero degrees) with airfoil thickness ratio for several NACA airfoil sections 
of different camber. R, 6 X 10%. 


ratio and camber is presented in Fig. 92 for a large number of NACA wing 
rections. The pitching-moment coefficients of the NACA four- and five- 
digit series sections become more negative with decreasing thickness ratio. 
Comparison of the experimental data in Fig. 92 with the theoretical values 
obtained from the theory of thin wing sections shows that the absolute 
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quarters of the theoretical values. "The pitching-moment coefficients for 
sections baving mean lines of the type a < 1-0 are equal to or slightly more 
negative than the theoretical values as shown in Fig. 93. Consequently, 
changing the type of mean line from @ = 10 toa < 1.0 to reduce the 
magnitude of the pitching-moment coefficient is relatively ineffective un- 
less the value of @ 1s reduced to a small value. 

The variation of chordwise position of the aerodynamic center at 6 
Reynolds number of 6 million for a large number of NACA wing sections 
is presented in “ig. Ot. From the data presented in Appendix IV, there 
appears to be no eystema tic eariation of chordwise position of the aero- 
es dynamic center with Reynolds number between 3 and 9 million. For the 
oy NACA 24-, 44-, and 930-series Wing sections with thickness ratios ranging 
s from 12 to 2+ per cent, the chordiwise position of the acrodynamic center 18 
- ahead of the quarter-chord point and moves forward with increases of 
thickness ratio. The data for the NACA 00- and 14-series sections show 
that the aerodynamic center ‘s at {he quarter-chord point. The aero 
dynamic center ‘aft of the quarter-chord point for the NACA 6-series Wing 
sections and moves rearward with merease of thickness ratio. There ap- 
8 pears to be little systematic variation of the chordwise position of the aero- 
a dynamic center with camber or position of minimum pressure for these 
oe sections. For the thick eambered ceetions, the chordwise position of the 
Sy aerodynamic center appears to Move forward as the design position of 
re minimum pressure moves hack. For wing sections with arbitrary modifica- 
- tions of shape near the trailing edge, the trailing-edge angle appears to he 
: se an important parameter affecting the chordwise position of the aero 
a dynamic center. For such sections, the aerodynamic center moves forward 
as the trailing-edge angle is increased”? 


x/c 


Chordwise position of aerodynamic center, 





0 4 
Airfoil thickness, percent of chord 
(a) NACA four- and five-digit series. 
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(b) NACA 63-serics. 


Airfoil thickness. percent of chor 
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(c) NACA 64-series. 
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Sym) Basie airfoil Type of fi 
: of the various devices. Numerous references to the literature are given to | bol acai 7 Peer nee : a ; 
: provide design information, b ae 
; © NACA 0009 Plain 1.93 | 0.08 
8 + NACA 0015 Plai 1.93 | 0.10 | 1.4 x 105 
pe ea — | _ —— — 
x NACA 23012 Plain 1.60 O.11 | 2.2 K 104 



















































































NACA : 
é f-} 66(2x15)-009 Plain, straight contour 1.93 0.10 | 14 x 108 
: NACA 7 
© 66-009 Plain 1.93 0.11 | 1.4 x 10° 
NACA Approach- So 
‘ , : ( 

: : a, V 63.4-4(17.8) approx. Internally balanced ing 1.00 O47 1-25 18 
— od lo NACA fos fe ee ee eG 
= a }< : - 

3 , A 66(2x15)-216, Internally balaneed mpprocer 0.18 | 5.3 X 10° 
ee a ey a = 0.6 ing 1.00 
2 0 EE 
02 f 
o 4 ie ha Nira Approach- 
o 4 Pi wi ede Ee aches q 66(2x15)-116, Internally balanced | = 1 gg 0.14 | 6.0 x 10° 
oe a= 06 ee 

: “+ 09 Pia We hei ey etie ellie fealese ke Weed x NACA ae Approach- 13.0 xX 10° 

: 0 64,2-(1.4) (13.5) ing 1.00 | J 

® —— |-——_—__.-—_._ 2 | —_—— 

= o, 8 NACA : Approach- ; 

: - -H a 65,2-318 approx. Internally balanced ing 1.00 0.14 | 6.0 XK LO 
“4 NACA y Approach- 

: a - BSc asaba crease Internally balanced | "505 1.99 | 77 8.0 x 108 

: cl «6 NACA 0.20 | 2.8 X 10° 

+ oH Pea ‘ Approach- | — ; 

* | N 66(215)-216 Internally balanced | 50 1 99 to to 
S Foes a = 0.6 re 0.48 | 6.8 X 10 

‘ © “hy ee V seis Plain 1.93 | 0.09 | 1.2 x 105 

: - De Approach- 

7 ~ Op 66(215)-216 Plain io Fan | ee OCT 
is po ae Plain CE 0.13 | 6.0 x 10 
ast wa a - Se Beets 
ae FP NACA . Approach- } 
= o | z= . L ; 1. O oe Plain ae too | 0-13 | 6:0 x 10" 
“ee NACA me Approach- 

o flap-chord ratio, E D 65-421 ven ing 1.00 | °'* co ae 

- 0 O° © ee Internally balanced See 0.14 | 8.0 x 10 
vs (bo) 6 range from 0 to cO.~ niches eee Ee i tat cl) ee ate 

; ; signs NACA Approach- 

Fic. 96. Variation of section flap effectiveness with flap chord ratio for true-airfoil-contour .o Internally balanced : 0.13 | 6.0 x 10° 
flaps without exposed overhang balance on a number of airfoil sections; gaps sealed; c, = 0. 745A317 approx. ing 1.00 7 
NACA Approach- 
ake 8.3. Plain Flaps. Plain trailing-edge flaps are formed by hinging the & 64,3-013 approx. Internally balanced ing 1.00 0.13 | 6.0 x 10 
“hey rearmost part of the wing section about a point within the contour. Down- NACA Approach- 
eng . oa ee ; Internally balanced |. 0.13 | 6.0 * 10% 
meng ward deflections of the trailing edge sre called “positive-flap deflections.” Q | 64,3-1(15.5) approx. : ing 1.00 
LA Deflection of a plain flap with no gap effectively changes the camber of the () Supplementary information. 
foe wing section, and some of the resulting changes of the aerodynamic charac- Fic. 96. (Concluded) 
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10-4 THEORY OF WING SECTIONS 


tions may be enleulated by the theory of thin wing sections (Chap. 4) as 
explained by Allen,® a the results are not very accurate. For example, 
the simple theory predicts infinite load concentrations at the leading edge 
and hinge location. The infinite load concentration at the leading edge 
may be avoided by use of the additional types of load distribution assoel- 
ated with angle of attack as obfained from thick-wing-section theory and 
presented in Appendix J. Allen® obtained empirical load distributions 


analogous to those associated with changes of the camber that permit 
calculation of reasonable approximations to the load distributions of flapped 
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Tra. 90. Distribution of pressure over a wing section with a plain flap. 


wing sections. Allen’s method is presented in See. 8.8. Once the load 
distribution is obtained, the pressure distribution may be calculated by the 
method of See. 4.5. Some typical pressure distributions for sections with 
plain flaps” are presented in Fig. 99, 

The lft, drag, and moment, characteristics of a typical NACA 6-series 
wing section with a 0.20¢ plain flap? are presented in Fig. 100 for several 
flap deflections up to 65 degrees. These and other data? show that the 
angle of maximum lift coefficient with the flap deflected is generally some- 
What less than for the plain wing seetien. Curves of the maximum lift 
cocfheient plotted against flap deflection for two sections? are presented 
In Pig. 101. Plain flaps of 0.20e appear to be eapable of produeing inere- 
ments of the section maximum lift. coefficient ranging up to about 1.0 and 
are more effective when applied to sections with small amounts of camber. 
Additional data on plain flaps are presented by Jacobs,” Abbott,? and 
Wenzinger. 1%. 149, 156 
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Section angle of Zo, 
K1a. 100. Aerodynamic characteristics of the NACA 66(215)-216 airfoil section with 0.20¢ 
sealed plain flap. 
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3 eurface. In another variation the leading edge of the flap Ix moved au "d Pere : “¢ , Fac a Bry — 
= the flap is deflected, either with or without a gap between the flap an | 24 tee! Te a 


Split. flaps derive their effectiveness from the large 


the wing surface. 
, the ease of some of the variations, 


: increase of camber produced and, i 
& from the effective increase of wing area. 
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The lift and moment. characteristics’ for typical NACA 6-series wing 
sections with 0.20¢ split flaps deflected 0, 40, 50, 60, and 70 degrees are pre- 
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sented in Figs. 103 and 104. Similar data fora flap deflection of 60 degrees - 0 = 
are presented for most of the wing sections of Appendix IV. The lift-curve 7 S ee 
slope with split flaps is higher and the angle of maximum lift is somewhat P02 i pe 
lower than for the plain section. There appears to be a tendency for the E : = acre 
lift-curve slope for large flap deflections to be less than that for moderate POOR a onnn 
: deflections.*) | . : aoee 
: Inspection of Figs. 103 and 101 shows that the split flap 1s more effect e . : cece Hato] 2 
: in inereasing {he maximum hilt coefficient when applied to the thick than : : ~0.3 ae eeeee ohh gl 
ie | when applied to the thin wing sect ions. Figure 58 shows that the maximum q = a peo ++ | i 
oe | Git coefficients of NACA G-series wing sections with 0.20e split flaps de-  & as H-|4-4 = - AAR Bee 
Z s Mected 60 degrees increase with thickness ratio up to ratios of atleast : oon Sag ; - a =o Ge | "7 
8 IZ percent, Figure 58 shows comparatively little variation of maximum = § Section lift coefficient, c, 
Ss lift coefficient for NACA four-digit wing sections with 0.20¢ split flaps for f Fs. 103. Lift and moment characteristics of the NACA 66(215)-216 airfoil section with 
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thickness ratios greater than 12 per cent, but the maximum lift coefficient  & *esplit fap. R, 6 X 10°. 
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Figure 102 shows that the drag of the NACA 


ments are to be expected. 
flap deflected the optimum amount at cack 


93012 section with a 0.2060 split 
lift, cvefficient is about. the same or less (han that for a plain flap.? 

The pressure distributions over wing seetions with highly deflected sp! 
flaps are similar to those for plain flaps (ig. 99). Phe pressure distril™ 
Hons with deflected split flaps may be predicted by the semiempirics 


method of Allen.® 
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{b)-NACA 2302!) AIRFOIL 





(c)- NACA 23030 AIRFOIL 


Pig. 108. Effeet of split-flap deflection on increment of maximuin lift coefficient for vane® 


(c)-NACA 2230!2 AIRFOIL 


airfoils and flaps. 


Data required for the structural design of split flaps are given hr § 


Wenzinger and RogalloJ® “The normal force coefficients and centers d 
pressure for a 0.200 split, fap at verious deflections are shown in Fig. 1€ | 
The data of Wenzinger and Rogallo show that the chordwise position d 
the forward edge of the flap has only a small effect on the flap loads. 
The effect of a gap between the wing surface and a split flap with 
nominal chord of 0.20e hinged st O.80e from the leading edge of the see 3 


tion! js shown in Fig. 109. 
coefficient associated with the gap is considerably greater than that cause } 
by removing the same area from the trating edge of the flap. 

Figure 110 summarizes the effect!) on maximum lift coefficient @ } 
moving a 0.20¢ split flap foward the trailing edge from its normal posities 
These data show that the percentage jnerement of maximum lft coefficien 
obtained by moving the split flap fo the rear is about the same as thy 
percentage increase of wing area measured as projected onto the origins § 
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The data show that the loss of maximum he ge 
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ee line. Similar results have been obtained™ for 0.30c¢ and 0.40c split 
aps. 
8.5. Slotted Flaps. a. Description of Slotted Flaps. Slotted flaps pro- 


vide one or more slots between the main portion of the wing section and the 


Increment of section maximum-lift coefficient, A Cz 





Flop chord, percent C 


Fra. 107. Effect of chord of split flap on increment of maximum lift coefficient for three airfoil 
thicknesses. 


deflected flap; and they derive their effectiveness from increasing the 
camber and, in some cases, from increasing the effective chord of the sec- 
tion. The slots duct high-energy air from the lower surface to the upper 
sirface and direct this air in such a manner as to delay separation of the 
flow over the flap by providing boundary-layer control. 

The numerous types of slotted flap are classified by their geometry. 
Several types are shown in Fig. 111. The primary classification is the 
number of slots. The single-slotted flap is the simplest and most generally 
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figuration with the lip located at 0.827¢ is not exactly comparable with the 
others because the chord of this flap is 0.2566c as compared with 0.30c for 
the others. It is apparent, nevertheless, that the increment of the max 
imuin lift coefficient is considerably higher for the configuration having the 
lip at the normal trailing-edge position than for those with a more forward 
lip location. It is uncertain whether any of the difference between the 


2.4 


B S 
76 With gop + | 


(removing flap 
leading edge) 








Freduction of chord, percent flap chord 


Frio. 109. (Coneluded) (b) Effect on Cry.. and ou Cp at Cunax of reducing the chord of 8 
0.20c split flap. 6 = 60 degrees. 


other two configurations should be attributed to the difference in lip posi- 
tion. Envelope polars for these flaps are presented™ in Fig. 113. 

When the lip is located at or near the normal trailing-edge position, 
the thickness of the flap is necessarily less than that for a more forward 
location of the lip”? (Pig. I14a@). In the case of thin wing sections, especially 
of the NACA 6-series type, the flap thickness may become too small witha 
rearward location of the lip to permit favorable slot configurations. Under 
such conditions, the favorable effect on the maximum lift coefficient. of 
moving the lip toward the normal trailing-edge position may not be 
realized. Cabill’? shows (fig. 1142) that the maximum lift coefficients for 
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z Fig. 110. Contours of C'x,,,, {or various positions of trailing edge of 20 per cent flap. 


SLOTTED FLAP WITH LONG LIP 


Gan a ee 


SLOTTED FLAP WITH SHORT LIP 


Sines 


DOUBLE -SLOTTEO FLAP 


aN 


VENETIAN -BLIND FLAP iN 





EXTERNAL -AIRFOIL FLAP 
Fia. 111. Several types of slotted flaps. 
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Slotted flap 3 


(b) MAXIMUM UFT DATA 


(a) CONFIGURATIONS 


Variation of maximum section lift coefficient with 


65-210 wing section. 


Reynolds number for several slotted flaps on the NACA 


Fic. 114. 
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(a) CONFIGURATIONS (b} INCREMENTS OF MAXIMUM LIFT COEFFICIENT 


Fig. 115. Effect of flap chord on increments of section maximum lift coefficient for the NACA 
23012 wing section. 


Flap chord ratio 


NACA, 230 —- 0.2566 ¢ 
NACA. 6— 0.25¢ 
NACA 6— 0.350¢ 


Section maximum lift coefficient, Ct mo, 
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Fig. 116. Maximum lift coefficients for various arrangements of slotted flaps. 
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based on the total chord with the flap deflected. The ratio plotted appears 
to be fairly constant at values between about — 0.17 and — 0.21, instead 
of varying with flap-chord ratio as in the case of plain flaps at small 
deflections. 

The normal-force coefficient, pitching-moment coefficient, and center 
of pressure for the flap of the configuration of Fig. 119 (configuration 2-h of 


_.Feference 153) are shown’ in Fig. 121. All the coefficients are based on 


the flap chord. The pitching moments are taken about the quarter-chord 
point of the flap, and the center of pressure is given in per cent of the flap 


Airfoil sections 


0 NACA 230/2 
0 NACA 2302! 
© N&CA 65-210 





Flop - chord ratio, E 


Fig. 120. Variation of ratio of increment of section pitching-moment coefficient to increment 


of section lift coefficient with flap-chord ratio for several sections with slotted flaps. on 
= () degrees. 


chord from the leading edge of the fap. These data are useful in determin- 
Ing the loads on the flap and the flap linkages, and they show that the 
normal force coefficients on the flap are less than those for the wing section. 


c. External-airfoil Flaps. The external-airfoil flap investigated by 


Wragg!6Platt®?*4"5and Wenzinger'®! may be considered as a special case 
of the single-slotted flap in which the flap does not retract within the wing 
fection. The maximum lift coefficients* obtained at an effective Reynolds 
number of 8 million for a NACA 23012 wing section with a 0.20c external- 
airfoil flap of the same section are shown plotted against flap deflection in 
Fig. 122. These maximum lift coefficients are based on the combined areas 
of the wing and flap. The values presented were obtained from tests of a 
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Investigations by Harris,” Purser,*! and J'ischel* of approximately 0.30¢ 


~9 
and 0.40¢ double-slotted flaps on the NACA 23021 and 23012 wing sections 8 
indicated maximum lift eoefficients of the order of 3.3 and 3.5 for the two 2 
sizes of flap. Typical results for the NACA 23012 section are shown in S ; 


= Figs. 124.and 125. The fore flap and the main flap did not deflect together 
a as a unit for these configurations. Acrodynamic characteristics’ are pre- 
sented in Fig. 126 for the NACA 655-118 section with the 0.309c double- aa 
slotted flap shown in Fig. 123. For this configuration, the vane and flap : 


“moment ¥0effc 














ose -—4 
— 1.000 ® 
: | 309 s 
oe Ss Qa = 
a. RETRACTED ( uy 3 pet tot 
a Z o ¥, f. wre Sa a ae 
: 78 : 28 Of, ,029; 40) 501 60! 70 
F xp |0.60|-40|/60|/60 
2 5.05 |205 | 2.05 | 1.05 
a3 24 
S 
S20 
S 
S 
3 16 
G06 Sinan 45°lo . 
: 5° deflection S 
Flop pivot from O° to 45° deflection 7° § 2 


Vic. 123. NACA 653-118 airfoil section with 0.309¢ double-slotted flap. 


moved together as a unit up to deflections of 45 degrees. At higher angles, 
one the flap rotated about a pivot and the vane remained fixed. 

ae The variation of maximum lift obtained for thin NACA 64-series 
sections?! with approximately 0.30¢ double-slotted flaps is shown in Fig. 


Section profile - 
8 








pee 127. The type of flap used for these tests is dlustrated in Fig. 128. The & 16 

ee flap and vane deflected as a unit. These data (Fig. 127) show that the a 

8 maximum lift coefficient decreases rapidly as the thickness ratio of the wing x 8 ° E 
: section is decreased to values below 10 or 12 per cent. The maximum lift § e's" 48Re 
“ coefficient obtained for the NACA [+10 wing section® is also plotted to = 0 Dae ete ae ok les an eee ld 
* indicate the effect of type of section. The maximum lift coefficient ob- @ TTL LT Nee TTT 
: tained for the NACH 653-118 wing section with a flap deflection of 45 de- = _» PS eclp cde eal ap le degwedeeie |e pect ce shea. 

ws | grees (Fig. 126) is also plotted to indieate the effect of larger thickness -4 O 4 8 l2 6 20 24 28 32 36 

“od | ratios. The NACA 653-118 data are not exactly comparable, but the Section lift coetticient, c, 

a ane indicated gradual rise of the maximum lift coefficient as the thickness ratio Fic. 124. Aerodynamic section characteristics of the NACA 23012 airfoil with a 0.30 


double-slotted flap. 6,, = 25 degrees; x; = 0.41: vi = 1.72. (Values of x1, y1, 223, and y; are 


ae is increased to 18 per cent is believed to be representative. : 4 
a P C e rep given in per cent of airfoil chord.) 


oe The effect of the design position of minimum pressure on the maximum 
lift coefficients obtained with double-slotted flaps on 10 per cent thick 


ag NACA 6-series wing sections”! is shown in Fig. 129. The type of flap used 
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3.2 
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Fig. 127. Effect of thickness ratio and type of wing section on maximum lift with double. 
slotted flaps. 
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Section lift coefficient, Cy 
Fig. 126. (Coneluded) 


ne Fiap chord line 
(b) VARIABLES USED TO DEFINE FLAP CONFIGURATIONS * 





Fig. 128. Typical airfoil and flap configuration. 
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2263 THEORY OF WING 8S. LIONS 


The value of this maximum lift coefficient was about 1.64 for the rather 
low Reynolds numbers of the tests. It is doubtful whether such configura- 
tons would experience much beneficial scale effect. 

The effectiveness of the retractable leading-edge slat?” shown in Fig. 
130 in increasing the maximum lift coefficient and the angle of attack for 
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; —-— 02566 slotted tap 
ge 20 020c — split flop 
—— 02566 slotted fap and kading eage slot 
solit Hap and leading eage stat 


Increment of angle of attack over basic airfoil Aa ot Cy » 





Flap deflection, 6, ,deg. 


Fig. 132. Effect of flaps and londing-edge sint on angle of attack for maximum lift. 


maximum lift is shown in Figs. 13! and 132. These data, which were 
obtained on a NACA 23012 wing section, indicate an increment of about 
0.5 for the maximum lift coefficient and about 8 degrees for the angle of 
attack for maximum lift. The increment of maximum lift decreased to 
about one-half of its value for the unflapped section when either a split 
or slotted flap was deflected to optimum deflections despite readjustment 
of the slat to optimum positions with fap deflected. Weick and Platt™ 
obtained considerably larger increments of maximum lift coefficient. with 
a special retractable slat. Wig. 133) having a shape providing a rounded 
entrance into the slot. The tmerements of maximum lift coefficient with 
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HIGH-LIFT DEVICES 220 


this configuration were 0.81 for the unflapped section and 0.45 with a 
deflected slotted flap. 

b. Slots. Slots to permit the passage of high-energy air from the lower 
surface to control the boundary layer on the upper surface are common 
features of many high-lift devices. The most common application is the 
slotted flap. When the slot is located near the leading edge, the con- 


De, vey Mote 


figuration differs only in detail from the leading-edge slat. Additional 


slots may be introduced at various chordwise stations. Weick and Shortal'” 
made a systematic study of slots on a Clark Y airfoil. The results of 
this investigation are summarized in Fig. 134. For the unflapped section, 


the most effective position for a single slot is near the leading edge, and 


the effectiveness decreases as the slot is moved aft. Multiple slots are 
relatively ineffective on the plain airfoil unless they include a slot near the 


Fig. 133. Special retractable slat on Clark Y wing section. 


leading edge, in which case a total of three slots, all located well forward, 
isoptimum. For the flapped section, the slot located near the leading edge 
was effective. A single or double slot at the flap changed the type of flap 
from plain to slotted with a corresponding increase of the maximum lift 
coefficient. Load data for the leading-edge slot are given by Harris and 
Lowry." These data show resultant-force coefficients as large as about 
7.5 for that portion of the wing section ahead of a slot near the leading edge. 

If slots are considered as a fixed high-lift device, the profile drag in the 
high-speed flight attitude is an important characteristic. Figure 134 shows 
that any of the slots investigated cause large increments in the minimum 
profile drag. This increment increases with the number of slots and de- 
creases with rearward movement of the slots. Attempts have been made 
to maintain low drags with slots open by locating the slots so that there 
would be no flow through them in the high-speed condition.’ Such con- 
figurations have failed to improve the ratio of maximum lift to minimum 
drag over that for the plain wing section. 

c. Leading-edge Flaps. A leading-edge flap may be formed by bending 
down the forward portion of the wing section in a manner similar to that 
in which the trailing edge is deflected in the case of plain flaps. Other 
types of leading-edge flap are formed by extending a surface downward 
and forward from the vicinity of the leading edge. As shown in Fig. 185, 
such flaps may extend smoothly from the ‘upper surface near the leading 
edge, may be hinged at the center of the leading-edge radius, or may be 
hinged on the lower surface somewhat aft of the leading edge. Although 
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none of these devices is as powerful as traiing-edge flaps, they may be 
used full span without mechanieal interference with ee amore 
viees and they are effective when combined with trailing-edge high-lift 
devices. Leading-edge flaps reduce the severity of the ee eak 
ordinarily associated with high angles of attack and thereby delay oe 





(a) DROOPED LEADING EDGE 


(b) UPPER SURFACE LEADING EDGE FLAP 





(c)LOWER SURFACE LEADING EDGE FLAP 


f= 


(d) FLAP HINGED ABOUT LEADING EDGE RADIUS 


Vic. 135. Various types of leading-edge flaps. 


tion. Leading-edge flaps received little consideration until German in- 
vestigators became interested in them during the Seeond World War 
rueger,™ 6 Lemme, 4 & and Koster’8 showed increments of the 
maximum lift coefficient of as much as 0.7. These increments were, how- 
ever, applied to maximum lift coefficients for the plain wings of ie order 
of 0.72. These low maximum lift coefficients resulted from the small 
leading-edge radii of the wing sections usually used for these sanieabientions 
and the very Jow Reynolds numbers of the tests, ‘These iavectiedtions in- 
dicated that the effectiveness of leading-edge flaps inereased ath decreasin 
leading-edge radius. Typical results®? are shown in Fig. 136. The ets 
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ment of maximum lift coefficient, ACimax, is plotted against the leading- 
edge-radius parameter (r/c)/(t/c)? where r is the leading-edge radius. The 
value of this parameter for NACA four- and five-digit wing sections is 1.1. 

Fullmer®? investigated two types of leading-edge flap on the NACA 
64,-012 section at a Reynolds number of 6 million. The chord of the flap 


was f@ per cent of the section chord, and the configurations corresponded to 


& With split flap 


20.2 : 
FS | 
S Cont (ch fig.135 
a Cont(c) fig. (25 with split Hop ie 


0 Cont(b),fig 135 





Fic. 136. Effectivencss of leading-edge flaps for various wing sections. Increment of lift 
resulting from leading-edge flap, ¢,,, 85 4 function of the leading-edge radius coefficient, 


(r/c) /(t/c)?. 


b and c of Fig. 135. The increments of maximum lift coefficient and of the 
angle of attack for maximum lift are shown in Fig. 137. The leading-edge 
radius parameter for the NACA 64,-012 section is 0.72. The maximum 
‘ncrements of Fig. 137 are shown plotted on Fig. 136 for comparison with 
the German results. The maximum lift coefficient of the plain wing sec- 
tion for these tests was 1.42. 

8.7. Boundary-layer Control. The idea of removing the low-energy 
air of the boundary layer, or of adding kinetic energy to the boundary layer, 
as a means for increasing the maximum lift has been obvious since the basic 
mechanism for separation was first understood.’ The kinetic energy of 
the layers of air close to the surface may be increased by removing low- 
energy air through suction slots or a porous surface. Another common 
method is to blow high-energy air through backward-directed slots. The 
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epetions.2 3797 Knight and Bamber” obtained maximum lift coefficients 
of about 3.0 (Fig. 139) for the NACA SI-M wing section with a single 


hackward-opening blowing slot. i 
e 


Detail! of slot 


NACA 84-M wing section. Slot width= 0.667 %c la 
Slot of 83.9 %c from leading edge. lnternal 
pressure 12 q higher than tree- stream static 


pressure 





Se ee .22¢ aa 





ec, slotted wing section a 
F a 
PE I7E ET Tt yt 
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Lift coefficient, c, ; drag coefficient, Cy 


Moximum section lift coefficient, Chnox 


Angle of attack, a@, deg. 


Fig. 139. Effect of boundary-layer control by mesns of a backward-opening blowing slot. 


Much of the more recent. work*) ° on boundary-layer control has com- 





bined suction slots with flaps and leading-edge slots. Quinn™ obtained : i 
maximum lift coefficients exceeding 4.0 for the NACA 653-418 section with 0 008  +.016 — 024 O32 040 
Flow coefficient , Ca 


a double-slotted flap and a single siietion slot (Fig. 140). The maximum ; . . 
lift coefficient f {} f}. ad eet ‘nereased sd] ith mall § Fro. 140. Configuration and maximum lift characteristics of the NACA 653-418 wing section 
{4 coefficient for the unflapped section increased rapidly with § ; with double-slotted flap and boundary-layer control by suction. R, 6.0 X 10%. 
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is sufficiently exact except when the flap-chord ratio Z and the flap deflee 
tion 6 are simultaneously large or when the shape of the mean line is such 
that the load is large near the trailing edge. In such cases, values of tw 
and c,, may be obtained graphically from the theoretical load distribution 
for the unflapped section adjusted to agree with the experimental data 

Let Ac, and Ac, be the pitching-moment and the normal-force coeff- 
cients of the incremental normal-foree distribution plotted normal to the 
flap-neutral chord as shown in Fig. 142e. Because the incremental basic 





(a) NORMAL -FORCE DISTRIBUTION (b) NORMAL -FORCE DISTRIBUTION (c) DISTRIBUTION SHOWN IN (a) 
FOR AIRFOIL WITH FLAP NEUTRAL. FOR AIRFOIL WITH FLAP DEFLECT- WITH FLAP NORMAL FORCE 
ED. DISTRIBUTION PLOTTED NORMAL 
TOFLAP DEFLECTED CHORD. 


ACy’ 






(d) INCREMENTAL NORMAL - FORCE (e} DISTRIBUTION SHOWN IN (d) 
DISTRIBUTION CAUSED BY FLAP PLOTTED NORMAL TOFLAP-NEUTRAL 


DEFLECTION. CHORD. 
Bia. 142. Normal-force distribution and incremental normal-force distribution for flaps 
neutral and deflected. 
normal-force distribution is responsible for the increment of the quarter- 
chord pitching moment, then, if G is the moment arm in terms of the chord 
of the basic normal force about the quarter-chord point, 
ACm! = Cen, 


Aca’ aa Cras “| Crys 


where ¢,, = additional normal-force coefficient associated with flap de- 


flection 





SCs 
ee 8.3 
en (8.3) 
Cn.g = Ac.’ = “ae 
T 


The value of G is a function of Zand §. Values of Gare given in Table 7. 
Che correlation between the fictitious values of Ac, and Ac, and the 
measured values of Ac, and Ac, must be established in order to determine 


Cm, and c,,, from force tests. The incremental flap normal-force coefficient 
iS 
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n 
Cory = “Ee (8.4) 
where n;, is the incremental flap normal force per unit span. 
Then 
eh Acy = Acy + Een, (1 — cos 6) 
: (8.5) 
ACm? = ACn — Ecn, (1 — cos 6)(34 — E) 


The incremental flap normal force may be considered as a combination 


F of two components due to the incremental additional and the incremental 
E= . basic normal-force distributions. Let ya, and 7», be the ratios of the flap 
£° normal force to the section normal force for the incremental additional and 


the incremental basic normal forces, respectively. Then 


Cn», = Yasn,, i YosEn,, (8.6) 
mi A ACm 
Cm! , 


The contribution to the flap load of the additional normal-force dis- 
tribution is small compared with the basic contribution; and, for the 
purpose of determining Acw and Ac,’, the following approximation may 


therefore be used: 


ACm! 
Cry, = Yds Ge 


and Eqs. (8.5) become 


ACn! 
Acn = ACn + EY, a (1 — cos 4) 


Am! 3 
Acm = ACm — Ey, Sex (1 — cos 5)(5 o E) 


that 
80 & Aca’ = Acn + Tn a (8.8) 


ACm? = Tm ACm 


E(1 — cos 8) (0;/@) 
™ "T+ Ed — cos 6)(34 — £)(v,/@) 
1 
TEE = cos 6)(74 — #) (y2,/G) 


where 








The values of r, and tm as determined by Allen are given in Tables 8 and 9. 

In using this method, the values of Ac,, and Ac, are obtained from 
tests of the flapped and unflapped section at the same angle of oS 
From Eq. (8.8), values of Acy and Acm are obtained using Tables 8 and 9. 
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6, deg | | | | | 
0 | 2 ! a | 40 | 50 | 60 
BI cecal Je seotdile 
ie CHAPTER 9 
a. Plain flaps 
0 | 1.00 7 iho) neo | 100 | 100 | 1.00 Pn EFFECTS OF COMPRESSIBILITY AT SUBSONIC SPEEDS 
0.05 1.00 Ol | 1.93 : 106 | 1.10 | 1.45 aR 
030 | 100 | 1.02 | £95 ) 109 | 445 | 1,22 E oy Sympels. ; 
0.15 | 10h | 102 | 106 | LM | 418 | 1.28 Cy pressure coefficient, (Pp — Piy)/720V? 
0.20 | 1.01 1.03 | 108 | 1.12 | 1.21 | 1.32 § C,. critical pressure coefficient corresponding to a local Mach number of unity 
O25 | 101 | 1.03 bad: 1 Ra, AS se : . sees oe een 
pan! 4a F oa aver aa 7 ee 138 : onan 
ses = | he 2 ae : oe = . a nin R_ universal gas constant, cp — Ce 
_ | en a eS : 2505 1.39 - S cross-sectional area of a stream tube 
a? | Ue , LOe | | i T absolute temperature 
0.50 |; 1.01 1.03. 4.07 | 3 | Ms V_ velocity of the free stream 
0.55 | 1.01 V0e: | | | 2 V, component of velocity along the span 
0.60 | 1.0f 4 1.03 | | | Vx component of velocity normal to span 
0.65 | 1.0L | | | E a speed of sound 
0.79 | 1.00 | ! : | a lift-curve slope 
esi fed de NE a = Se Soc pe ge glee : b span : 
b. Split flaps E Cc: section lift coefficient 
SE a es C, specific heat at constant pressure 
0 ana 100 : $60 | 1.00: 1.00 | 1.00 ¢. specific heat at constant volume 
00 | .... | 10, 1.03), 1.06 | 110 | 145 e base of Naperian logarithms, 2.71828 
o10 |... | 102 | £05 | 109 | 1.15 | 122 In logarithm to the base e 
015 jo... | 102 5 106 | Ltt | LES | 1.28 m mass flow per unit area 
0.20 |; .... | 1.08 © L.OF | 112 | 1.21 1.32 ; p local static pressure 
0.25 Peo OF Sore aigh aia. i nega Po total pressure 
0.30 dais ! 1.03 ! fOR | 4.14 | 124 | 1.38 cs static pressure of the free stream 
035 | oo... | 103 | 108 1 115 | 1.25 | 1.89 oume 
0.40 ee | 103) FOR 1 145 | 125 | 139 Of MPO TOMO! ce ee 
0.45 : 1.03 5 4.08 ! : u component of velocity parallel to the z axis 
! : = 4 ! : v volume 
A) A ar, Le Le | : v component of velocity parallel to the y axis 
w component of velocity parallel to the z axis 
load distributions tend to be appreciable at the trailing edge where the x - Sh a 
contribution to the hinge-moment. cocflicient is the largest. : 8 angle of sweep 
In applying this method, it should be remembered that, although the § y ratio of the specific heats, cp/cs 
tabulated characteristics are differentiated by flap deflection, the important : uw 1/V¥1— M? ae 
variable is the degree to which the flap is stalled. The tabulated charac x ratio of the circumference of a circle to its diameter 
p mass density of the fluid 


teristics for plain flap deflections up to 15 degrees are for unstalled condi- 
tions, whereas those for larger flap deflections represent progressively 


9.2. Introduction. The wing-section theory and experimental data 
presented in the preceding chapters are applicable to conditions where the 


variation of pressure is small compared with the absolute pressure. This 
247 


increased separation. Consideration should be given to the selection of 
the characteristics to be used in order to represent the actual flow cond? 
tions properly. 
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250 THEORY OF WING SECTIONS 





A(pu) , (pr) , A(pw) dp 
DON ge UP) Se EL ee 4 
Ox Oy + 02 ot Ot 
For motion in one dimension, this equation reduces to 
A(pn) Op 
dc si! 
or 
Op OH « Op. 
ap ae 


dividing by p 
lop , du udp _ ' 


pol ax pax (9.5) 


In the concept of a velocity of sound, the disturbances are considered to 
be small so that the changes in density are small compared with the density 
and the corresponding velocities are small. Retaining only the first powers 
of small quantities, Eq. (9.5) becomes 


ldp , du dInp , du 
=P oa Qe te tS 
pal - Ox ol Ox (9.6) 
For one-dimensional flow, Inq. (2.3) becomes 
Op ae Ou 
or P at VPM Ox 


Again retaining only the first power of small quantities and dividing by p, 
we have 


du _ _ lop 
at pp OX (9.7) 


It is known from the equation of state that p is a function of p. Equation 
(9.7) can then be written 
Ou 


ju idpde ___dpdinp 
at pdpdx dp ax Ge) 


—*Differentiating Eq. (9.6) with respect to x and Eq. (9.8) with respect to {, 


and combining, we have 
au dpdu 
BYE pan ae (9.9) 


dpdax 
The solution of this equation is 


_ ld ldp 

w= f(z an (+ f(z + a ) 

These functions represent disturbances traveling in opposite directions 

with the velocity Vdp/dp. This velocity is termed the velocity of sound a. 
Ag stated previously, the changes in pressure occur so rapidly that no 


heat is considered to be conducted to or away from the elements of gas. 


ee 
pe 
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The relation between the pressure and density is therefore considered to 
be adiabatic [Eq. (9.2)]. Then 


a= [2 =? (9.10) 
dp p 


a=KvVT (9.11) 


where T is the absolute temperature, and the value of K is given in the 


; following table for various English units, and for dry air, 7 = 1.4. 


it 








Units of temperature 





Units of velocity | 








°F, absolute °C, absolute 
ve A oe 
Feet per second....... 49.02 65.76 
Miles per hour.......- 33.42 44.84 
ae Acai he ecient 29.02 38.94 





In applying the concept of the velocity of sound to various problems, 
it should be kept in mind that the concept as derived is valid only for small 
disturbances. Very strong shock waves and blasts should not be expected 
to propagate at speeds corresponding to the local velocity of sound. 

c. Bernoulli’s Equation for Compressible Flow. In deriving Bernoulli’s 
equation for incompressible flow [Eq. (2.5)], the following expression was 


obtained: 


— dp =£ d(V)? 
2 
Writing this equation in integral form, we have 
2 p 


Relating the pressure and density by the adiabatic law of Eq. (9.2) and per- 
forming the indicated integration, 


lan Ts 
50 te E 





V2 +e,T (9.13) 


hol = 


This equation can also be derived from thermodynamic . reasoning. 
The thermodynamic reasoning indicates that the quantity FE in Eq. (9.13) 
is a constant along any stream tube for adiabatic changes whether reversible 
or not. For example, £ is constant throughout a stream tube containing a 
normal shock. For reversible changes, Eqs. (9.2) and (9.13) together 
with a knowledge of the initial conditions permit the calculation of the 
variation of pressure and density with velocity. 
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Ziyh THEORY OF WING SE. .1ONS 


where p = pressure at any point along stream tube. 
It is often more convenient to express the local pressure in terms of the 
pressure at the stagnation condition, 


} =( 2 a/ G0 
m My — M+ 5) 


where po is the pressure of the fluid at rest. 
The temperature relations may be obtained from Eqs. (9.17) and (9.18) 


(9.21) 


aS 
BP ooo ee 
Tn (y— 1M? +2 
or 
Ty . com l 
pe Reg. ae (9.22) 


It is interesting to note that there is a limiting velocity which is reached 
when the gas is expanded indefinitely into a vacuum. Bernoulli’s equation 
(9.13) may be written 


Wee —| {(2) = as 
Dame yo l\an/ 2y — 1) 
With infinite expansion, the temperature approaches zero and the local 
velocity of sound a approaches zero. Accordingly 
i aes 


Vienne {7 ae 

im Ny-t 
The local Mach number M, of course, continues to increase indefinitely as 
the expansion is increased. 

e. Relations for a Normal Shock. In deriving the relations for the cross- 
sectional areas, pressures, and temperatures existing in a stream tube, the 
entire process was considered to be adiabatic and reversible. Experience 
has shown that this condition is satisfied whenever the velocity is increasing 
in the direction of flow. Tfowever, when an attempt is made to decelerate 
supersonic flows, discontinuities in velocity, pressure, and temperature 
generally occur. These discontinuities occur in a very short distance along 
the direction of motion and are termed ‘shock waves.” The velocity and 
total pressure of the air decrease and the temperature and static pressure 
increase in going through the shock. The process, although adiabatic, 13 
irreversible and characterized by an increase of entropy. The shock 13 
stationary for a tube of fixed configuration with constant pressures at the 
inlet and exit. Since the velocity on the upstream face is supersonic, the 
shock “aun hardly be considered to propagate at the velocity of sound. 
Similar discontinuities occur forward of the nose of a blunt body traveling 
at supersonic speeds. In the case of a simple tube or of the shock im- 


(9.23) 
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mediately forward of the nose of a blunt body, the plane of the shock is 
normal to the direction of flow. This type of shock is a fundamental one 
and is termed a “normal shock,” as distinguished from the oblique shocks 
shown in Fig. 143. 

Relations for determining the conditions across a normal shock wave 
from the conditions on one side are derived” from considerations of mass, 


thomentum, and energy. If the subscripts 1 and 2 denote, respectively, 


the conditions on opposite sides of the shock and if m is the mass flow per 
unit area and p is the static pressure, the condition for continuity for a 


shock stationary with respect to the observer is 
pil, = patlg = ™m (9.24) 
The equation of conservation of momentum 1s 
po — pi = M(u — Ua) (9.25) 
The equation for conservation of energy 18 
1 m | 
Pil — P2eie — 9 ™m (uz? os uy’) a el (2 = Ps) (9.26) 
The solution” for these conditions is 





(po/tr) + (y+ 1)/(y - 1) 


This equation relates the density and pressure ratios across the shock when 
p, and p; are the upstream conditions. This equation corresponds to a 
change in entropy except in the case where p: equals p2. It can be shown?? 
that p, must be greater than p; for the change in entropy to be positive. 
It would be convenient to relate the pressure and density ratios across the 
normal shock to the upstream Mach number. Such an expression may be 
obtained by expressing Eqs. (9.24) and (9.25) in terms of the local Mach 


number and combining to give 


pa 








Pi pr 
Substituting the value of p/p: from Eq. (9.27) gives 
(p2/pi) — | 
2 9.28 
es v1 ~ (me/pr) + y+ WA) = | eee 
(m/pi(y + 1)/y¥- +1 
From Eq. (9.24), we can write 
Me _ {Pips 9.29 
M, on (9.29) 


Values of the ratio po/po, may be calculated from Eqs. (9.23), (9.27), 
(9.28), and (9.29) where po is the total pressure. This ratio is an index of 
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Numerous attempts have been made to obtain more accurate expressions 
for the variation of pressure with Mach number, notably by Chaplygin,” 
Temple and Yarwood,!® and von Warman and Tsien.” Garrick and 
Kaplan* succeeded in unifying these results as approximate solutions of 
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Fig. 147. Ratio of tifts for compressible and incompressible fluids as function of stream 
Mach nuinber. 
the general problem and presented two other approximations. No simple 
general solution of the problem is known, 

The Karmén-Tsien relation is widely used in the United States. Ex- 
perimental evidence appears to indicate that this relation is as applicable 
as any of the solutions. This relation is 
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A plot of the pressure coefficient as a function of the free stream Mach num- 
ber M is given in Fig. 148 for a number of values of the incompressible 
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Free -stream Mach number, Mo 
Fic, 148. Variation of local pressure coefficient and local Mach number with free stream 
Mach number according to Kérm4n-Tsien. 
pressure coefficient. Also shown in Fig. 148 are curves of the local Mach 
number Mz. — 
A special use for relations such as Eq. (9.32) is the prediction of the 
stream Mach number at which the velocity of sound is reached locally 
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Fria. 150. Pressure distribution for the NACA 4412 airfoil. a = 1952.5’. 
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150a). The accuracy appears to be satisfactory for such applications. 
The larger area of the pressure diagram at the higher Mach number corre- 
sponds to an increased lift coefficient at the same angle of attack. The 
resulting change of lift-curve slope has been shown (Fig. 146) to agree 
fairly well with the Glauert-Prandtl rule. 


i “The applicability of these theoretical relations is limited to cases where 
the effects of separation are not marked. If separation is present, the 


ei 


increased pressure gradients associated with higher Mach numbers tend to 
increase the separation and thus change the whole field of flow. Moreover, 
the absence of appreciable separation at low speeds is not necessarily a 
sufficient criterion, because the increased pressure gradients at the higher 
Mach numbers may cause separation in marginal cases. The theoretical 
relations may therefore be applied with confidence only to wing sections 
of normal shape at low lift coefficients. 

b. Flow at Supercritical Mach Numbers. The flow at supercritical 
Mach numbers is partly subsonic and partly supersonic and is characterized 
by the presence of shocks. No theory dealing with these mixed subsonic 
and supersonic flows has been developed to the extent of being useful in 
the prediction of wing characteristics. The almost complete lack of theoret- 
ical treatment requires reliance on experimental data at supercritical Mach 
numbers. 

For the typical case of a wing section operating at a small positive lift 
coefficient, the velocity of sound is reached first on the upper surface, as is 
shown in Fig. 150 by the pressure coefficient increasing negatively beyond 
the critical value C,,. Figure 150c shows no drastic change in the pressure 
distribution when the local velocity of sound is exceeded by a small amount. 
Many experimental data indicate that drastic changes in the forces on wing 
sections do not occur until the critical Mach number is exceeded by a 
small but appreciable margin. There is some doubt as to whether a shock 
necessarily occurs when the velocity of sound is locally exceeded by a small 
margin.“4 In any case, the losses associated with a shock from very low 
supersonic velocities are very small, as shown by Fig. 145. Such small 
losses would not be expected to produce drastic changes in the field of 
flow. | 

A shock occurs when the critical Mach number is exceeded appreciably, 
as shown by Fig. 150d to g. The shocks act, at least qualitatively, like 
a normal shock to reduce the velocity to subsonic values. The resulting 
rather sudden changes in the pressure distribution are shown dotted in 
Fig. 150. Schlieren pictures of the shocks corresponding to the diagrams 
of Figs. 150f and g are shown" in Fig. 151. The positions of the shocks 
as shown by the photographs correspond closely with the dotted regions of 
the pressure diagrams. Figure 152 presents another series of schlieren 
photographs showing the shocks on a NACA 23015 wing section at an 
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separation, as shown! in Figs. [52 nnd 153. This separation is an im- 
portant or even predominant factor i enusing the large foree changes 
oreurring at supercritical speeds, “The relative Importance of the shock 
losses and the effects of separation on the drag of a typical wing section 






ie. 152.0 CConeluded) 


are shown! by Fig. 154. ‘This figure shows the total pressure loss across 
the wake of the section. These losses are intimately associated with the 
drag, and, to the first order, the drag cocfhicient Is proportional to the area 
ander the curve. Intense shock has not oecurred at the lower Mach num- 
ber, and the diagram has the typical shape obtained at low speeds. Intense 
chock has occurred at the higher Mach number, and the drag coefficient 
has obviously inereased. This increase may be considered to be of two 
parts. The very large losses of pressure in the center of the diagram are 
similar in shape to the lower speed diagram and are attributed to the usual 

‘tion and separation. The smaller 


r ‘ 


type of loss associated with skin fri 


_ With the losses of total pressure indicated by Logie 
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pressure losses extending far out into the stream are attributed to the 
losses across the shock. It is apparent that the drag rise associated’ with 
the usual type of loss is as important as that directly associated with the 
losses across the shocks. 

The pressure rise measured" on the surface of the wing section in the 
vicinity of the shock is smaller than that corresponding to a normal shock 


oh Se tae | 
the wake surveys. The pressure rise correspond- 7 ¥ — aN , 
ing to a normal shock may also be obtained aa ae 
by means of Fig. 145 from the local Mach num- ss £! 
ber ahead of the shock as indicated by pres- 
gure measurements on the surface. In this case, 
also, the computed pressure rise is greater than 
that shown by the surface pressures. The com- 
plete explanation of this discrepancy is not  % 
known, but two factors could tend to reduce nen 
the pressure rise on the surface below that py. 153. Schlieren photograph 
corresponding to a normal shock. of separated flow for rear portion 
e first factor is the pressure gradient rectangular high-speed wind 
through the boundary layer previously dis- eunnel sel ehentye inches 
6 : 
cussed. The importance of this factor may be nee ene: 
inferred from Figs. 152 and 153. The lines in the schlieren photographs 


correspond to density gradients. Dark lines are shown in the vicinity of 
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Fig. 154. Wake shape and total pressure defect as influenced by Mach number. NACA 
M12 airfoil, a = O degrees; NACA rectangular high-speed wind tunnel. 
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the shock making a small angle with the surface. Although these density 
gradients may be partly associated with temperature gradients, the sharp- 
ness and intensity of these lines are thought to indicate the presence of 
appreciable pressure gradients. 

The second factor is the possible reaction of the boundary layer on the 
shock, The thickening or separation of the boundary layer tends to pro- 
duce oblique shocks. Such shocks would produce some pressure rise ahead 
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2710 THEORY OF WING "TIONS 


values below about 0.85. At Maeh numbers above the force break, the 
lift. coefficient decreases rapidly, but it never goes below the low-speed 
values, at least at Mach numbers up to 0.95. The 12 per cent thick section, 
however, fails fo show much increase of lift coefficient at subcritical Mach 
numbers, but it shows a large decrease of lift coeficient at Mach numbers 
just above the foree break. At a Mach number of 0.85, the lift coefficient, 
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Fig. 156. Aerodynamic characteristics of the NACA 0009-34 airfoil. 


and accordingly the lift-curve slope, are only about two-thirds of the low- 
speed value. At higher Mach numbers, the lift coefficients again increase. 
The effects of Mach number on the lift characteristics of the 8 per cent 
thick section are intermediate. ‘These data show that the thin sections 
experience force breaks at higher Mach numbers than the thicker sections 
and that the lift force breaks are much less severe for the thin than for the 
thicker sections. 

The effects of thickness for a series of cambered sections are shown” in 
Figs. 162 to 165. These data indicate to an even greater degree the adverse 
effect of thickness on the character of the lift force break. Comparison of 
these data with those for the symmetrical sections (Figs. 159 to 161) shows 
the adverse effects of camber on the Mach number for lift force break and 
on the shift in the angle of zero lift. 
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Fig. 157. Aerodynamic characteristics of the NACA 2409-34 airfoil. 
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Moch number ,M 


Effect of compressibility on the lift of the NACA 2306 airfoil. 
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Fia. 161. Effect of compressibility on the lift of the NACA 0012-34 airfoil, 
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Fic. 164. Effect of compressibility on the lift of the NACA 2312 airfoil. 
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Fig. 163. Effect of compressibility on the lift of the NACA 2309 airfoil. 
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The resulting variation of maximum 
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decrease to the limits of the fests. aye 
ft coefficient with Mach number is shown™ in 21g, 4/7. err 
The increase of maximum lift coefficient with Mach number a 


below 0.30 is associated with the variation of Reynolds number for these 
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Fig. 168. The variation of section lift coefficient with angle of attack at various Mach num- 
bers for the NACA 66-210 airfoil. 
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Fig. 167. Tho variation of acction drag confhieient with Mach number at various oe oO 


attack for the NACA 66-210 airfoil. 
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Section lift coefficient, Cy 


tests. his effect was studied more extensively in the ee pei 
pressure wind tunnel where the effects at a ane nee. are 
could be separated™ for low ATach aumbers, ‘| hese data aes i ie 
qualitatively, that the peak maximum htt coefficient is determines i : 
critieal Mach number at maximum lift which, of course a? each s 
relatively low free-stream Mach numbers. At subcritical Mach num aie 
the maximum lift. coefficient is primarily a function of the Reynolds ie : 
her.as at very low Mach mumbers, although the effect. of Mach number 


Fie. 169. Critical Mach numbers for the NACA 66-210 airfoil. 
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for the cambered sections, NACA 2306, 22300, 2312, and 2315, are shown™ 
in Vies. 176 to 179. The effect of camber is to reduee the Mach number at 
whieh the drag foree break occurs as compared with the data of Figs. 173 
ty |7>. Although the thickness distriizition is not. the same for these 


t*, 





Drag coefticient, Cq 





Mach number ,M 
ira. 178. Jeffeect of compressibility on the drag of the NACA 2312 airfoil. 


symmetrical and cambered seetions, (he differences attributable to this 
fact are very small, at least for the lower thickness ratios. 

Comparisons of the predieted critical Mach numbers and the Mach 
numbers for drag force break are press epted™ in Fig. 169 for the NACA 
66-210 wing section. For the range of Jift coefficients corresponding to 
high predicted critical speeds, the Mach number for drag force break is 
about O.Of to 0.08 greater than the eritieal. The Mach number for drag 
foree brouk is intermediate between that for lift foree break and the critical 
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value. The slope of the boundary for drag force break is similar to that 
for the critical Mach number, but high Mach numbers without force break 
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Mach number, M 
Fic. 179. Effect of compressibility on the drag of the NACA 2315 airfoil. 


may be realized over a much wider range of lift coefficient than is indicated 
by the theoretically predicted critical speed. 

c. Moment Characteristics. Figures 157 and 158 illustrate the nega- 
tive shift of the moment coefficient with increasing Mach number that is 
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Fig. 183. Effect of compressibility on the pitching moment of the NACA 0012-34 airfoil. 





Mach number, M 
Fic. 182. Fffect of compressibility on the pitching moment of the NACA 0008-34 airfoil. 
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sibility troubles was independently discovered by German investigators 
and by Jones® during the Second World War. 

Application of this principle results in wings with large amounts of 
sweepback or sweepforward. Such plan forms obviously violate the simple 
two-dimensional considerations at the root and tip even if the wing has no 
taper. These violations, however, do not appear to be sufficient to destroy 
the value of sweep if the wing is of reasonably high aspect ratio, as in- 
dicated by tests® of a wing placed obliquely across a two-dimensional wing 
tunnel (Fig. 190). Figure 191 shows that the pressure distribution over 
the center section of the oblique wing is reasonably close to that expected 
from the simple theory, despite the fact that the tunnel walls violate the 
assumed end conditions. Experimental studies have shown that swept 
wings of all useful aspect ratios are effective in postponing and alleviating 
compressibility troubles. Consequently, the theory of swept wings of 
arbitrary plan forms is being intensively investigated.'®: 5. 9. U7 

It thus appears that the wings of the high-speed airplanes of the future 
may be quite different from those of comparatively slow subsonic air- 
planes. These highly swept low-aspect-ratio wings, however, have serious 
disadvantages for the low-speed flight necessary for landing and take-off. 
Some of these disadvantages are low lift-curve slopes, high angles of stall, 
and poor stability characteristics. These disadvantages seriously com- 
promise the design of airplanes using such plan forms and may force the 
use of more conventional plan forms with very thin supersonic sections 
for some applications. In any case, these disadvantages at slow speeds are 
expected to dictate the use of conventional plan forms for airplanes de- 
signed for such speeds that it is possible to avoid serious compressibility 
difficulties by the use of thin wing sections. 
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Pig. 190. Wing placed obliquely access a two-dimensional wind tunnel. 
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Pig. E91. Comparison of pressure distriisition over normal and oblique wing. 
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 - “Tea oeneaeute. radius: 0.89 per cent c 


NACA 0009 Basic Thickness Form 





co 
ace 
“TTT 


P 










L0 


Are /V 


().595 
1.700 
1.283 
0.963 
0.692 


0.560 
0.479 
0.380 
0.318 
0.273 


0.239 
0.188 
0.151 
0.120 
0.095 


0.070 
0.046 
0.030 
0 
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iba bal 
pt | | 





NACA 0010 Basic Thickness Form 


L.E. radius: 1.10 per cent c 


ttt 
ate 
een a 
Oo ae 4 6 8a LQ 
x/c 
x y ‘ 
(per cent ¢) | (per cent c) (W/V) JG ava ' 
0 0 0 0 2.372 
05 | ..... 0.712 0.844 1.618 
1.25 1.578 1.061 1.030 1.255 
2.5 2.178 1.237 1.112 0.955 
5.0 2.962 1.325 1.151 0.690 
7.5 3.500 1.341 1.158 0.559 
10 3.902 1.341 1.158 0.479 
15 4.455 1.341 1.158 - 0,380 
20 4.782 1.329 1.153 ().318 
25 4.952 1.309 1.144 ().273 
30 5.002 1.284 1.133 0.239 
40 4,837 1.237 1.112 0.188 
50 4.412 1.190 1.091 0.150 
60 3.803 1.138 1.067 0.119 
70 3.053 1.094 1.046 0.094 
80 2.187 1.040 1.020 0.069 
90 1.207 0.960 0.980 0.045 
95 0.672 0.925 0.962 0.030 
100 0.105 | ..... |... 0 


316 


L6 
















———— 






0 
1.25 
2.5 
5.0 
7.5 


10 
15 





















































(per cent c) 


y 


(per cent c) 





() 

0.944 
1.400 
2.078 
2.611 


3.044 
3.744 
4.244 
4.833 
5.000 


4.856 
4.433 
3.733 
2.767 
1.556 


0.856 
0.100 





(u/V)? 
0 
0.944 


0 
(),892 


1.011 
1.113 
1.167 


1.200 
1.238 
1.256 
1.265 
1.253 


1,235 
1.205 
1.157 
1.089 
0.990 


0.910 
0 






L.E. radius: 0.272 per cent c 


THEORY OF WING SECTIONS 


v/V 


1.005 
1.055 
1.080 


1.095 
1.113 
1.121 
1.124 
1.119 


L111 
1.098 
1.076 
1.044 
0.995 


0.954 


0 


NACA 0010-34 Basic Thickness Form 


| 


Avea/V 


3.857 
1.282 
0.950 
0.688 
0.564 


0.486 
0.389 
0.327 
0.249 
0.197 


0.159 
0.127 
0.100 
0.073 
0.045 


- 


Lv 


100 





APPENDIX I 


{tt tet et yt 
Pt ttt Et ttt 
BeeesSaeen 

FE tee TN 
ACCC 
kel As 


NACA 00/0 -35 


(per cent c) | (per cent c) 





NACA 0010-35 Basic Thickness Form 


He a 
eee elcid 
2 4 
x/c 
y 

(v/V)? v/V Ave/V 
0 | 0 0 4.068 
0.878 0.954 0.977 ‘1.309 
1.267 1.032 1.016 0.952 
1.844 1.087 1.043 0.679 
2.289 1.122 1.059 0.555 
2.667 1.141 1.068 0.476 
3.289 1.172 1.083 0.382 
3.789 1.194 1.093 0.323 
4.478 1.214 1.102 0.247 
4.878 1.229 1.109 0.198 
5.000 1.235 1.111 0.162 
4.867 1.240 | 1.114 0.131 
4.389 1.227. | 1.108 0.104 
3.500 1.176 | 1.084 0.076 
2.100 1.046 | 1.023 0.048 
1.178 0.920 + 0.959 0.030 
0.100 0 0 0 

L E radius: 0.272 per cent c 


317 


318 THEORY OF WING SECTIONS 


Jere 
[poate TT 
Ame 

y ECCS 
CCEEE Tes 

| feerieel TTY 





(per cent c) | (per cent c) 


' 


: (v/V)? v/V 


0 
1.108 
1,245 


_ 1.286 


1.277 


1.269 
1.261 
1.248 
1.244 
1.242 


1.231 
1.211 
1.155 
1.089 
0.980 


0.912 
0 


0 

1.053 
1.116 
1.134 
1.130 


1.127 
1.123 
1.117 
1.116 
1.115 


1.110 
1.101 
1.074 
1.043 
0.990 


0.955 
0 


().966 
0.690 
0.556 


0.475 
0.377 
0.316 
0.241 
0.193 


0.155 
0.126 
0.098 
0.072 
0.045 


0.030 
0 





L.E. radius: 1.10 per cent c 


NACA 0010-64 Basic Thickness Form 





(per cent c) (per cent c) 


y 


APPENDIX I 


Tenses | - 


0 
1.25 
2.9 
5.0 
7.5 
10 
15 
20 
30 
40 


o0) 
60 
70 
80 


0) 

1.467 
1.967 
2.089 
2.989 


3.300 
3.756 
4.089 
4.578 
4.889 


5.000 
4.867 
4.389 
3.500 
2.100 


1.178 
0.100 


j 


rt a a ee eee 


1.068 
1,128 
1,127 
1,119 


1.112 
1.101 
1.095 
1.094 
1.101 


1.109 
1.111 
1.107 
1.083 
1.024 


0.957 
() 


L.E. radius: 1.10 per cent c 


eee 


NACA 0010-65 Basic Thickness Form 


SEEN fe yy Pres pg a GG 


319 


320 


THEORY OF WING SECTIONS 


dom tt ee 
Ht TTT 


NACA 00/0-66 


4st +++ 
ee 





ee - a 
ee ee oe 
pale toe ie tan 
2 4 6 L0 
x/C 










x y 
(per cent c) | (per cent c) | 





(v/V)? vf/V 










ome Pe :———_ aes eee ae ene ame eee ee ee 






0 0 0 0 2.434 
1.25 1.489; 1.180 1.063 1.289 
2.5 2.011 1.246 1.116 (0.959 
5.0 2.656 1.286 1.134 0.687 

3.089 1.282 1.132 0.554 













10 , 93.400 1.258 1.122 0.471 
15 3.806 1.225 1.107 0.372 
20 4.178 1.209 1.100 0.310 
30 4.578 1.189 1.090 0.236 
40 4.822 1.178 1.085 0.190 








50 4,956 1.184 1.088 0.153 
60 5.000 1.214 1.102 0.129 
70 4.889 1.265 1.125 0.104 
80 4.300 1.278 1.130 0.080 

2.833 1.135 1.065 0.049 









95 1.656 0.960 0.980 
0.100 0 0 0 





L.E. radius: 1.10 per cent c 


NACA 0010-66 Basic Thickness Form 


APPENDIX I 


NI] | tT Pry | 
A TT tt 
| tft 


x 
(per cent c) | (per cent c) 


0 0 

0.5 p24 

1.25 1.894 

2.5 2.615 
3.555 


4.200 
4.683 
5.345 
5.737 
5.941 


6.002 
5.803 
5.294 
4.563 
3.664 


2.623 
1.448 
0.807 
0.126 


0.906 
0 


Q 

0.800 
1.005 
1.114 
1.174 


1.184 
1.188 
1.188 
1.183 
1.174 


1.162 
1.135 
1.108 
1.080 
1.053 


1.022 
0.978 
0.952 
0 





L.E. radius: 1.58 per cent c 


NACA 0012 Basic Thickness Form 


321 


322 


THEORY OF WING SECTIONS 






Ae ecees 
TT facsonee| [TT 


SSEEEEREEE 
0 4 .6 LO 
x/e 












- y Se | 
(per cent c) | (per cent c) (o/V) v/V Ava/V 


ee oe eae ee ee ere | mete et i ae ee Pome me -- 2 ~ - — —— 











0) 0) 0 () 3.154 
1.25 1.138 0.866 0.930 1.251 
2.9 1.680 0.997 0.999 0.933 
5.0 2.493 1,122 1.059 0.683 


7.5 3.133 1.186 1.089 0.560 

















10 3.653 1,229 1.109 0.484 
15 4.493 1,282 1.132 0.389 
20 5.093 1.310 1.145 0.329 
30 5.800 1.329 1.153 © 0.250 
40 6.000 1.311 1,145 0.198 















50 5.827 1.284 1.133 0.158 
60 5.320 1.249 1.118 0.128 
70 4,480 1.192 1.092 0.098 
80 3.020 1.112 1.055 0.071 


1.867 | 0.985 0.992 0.045 


95 1.027 0.894 0.946 0.029 
0.120 O | 0 0 








L.E. radius: 0.391 per cent c 


NACA 0012-34 Basic Thickness Form 


APPENDIX I 323 










L.E. radius: 1.582 per cent c 


NACA 0012-64 Basic Thickness Form 


ihe 
(¥)" 
V, 
8 
B NACA 0012-64 EB 
AL bape edwkindind=d 
SEE EEET 
Ld enka 
0 8 
x/c 
x y : 

(per cent c) | (per cent c) Vaya uN: Ava/V 
0 0 0 0 2.019 
1.25 1.813 1.072 1.035 1.236 
2.5 2.453 1.270 1.127 ().952 
5.0 3.267 1.330 1.153 ().685 
7.5 3.813 1.325 1.151 0.554 

10 4,240) 1.322 1.150 0.474 
15 4,867 1.313 1.146 ().372 
20) 5.293 1.303 1.141 0.315 
30) 5.827 1.297 1.139 0.241 
40 6.000 1.300 1.140 0,199 
50 5.827 1.280 1.131 0.154 
60 5.320 1.244 1.115 0.126 
70 4.480 1.189 1.090 0.096 
80 3.320 1.102 1.050 0.070 
90 1.867 0.993 0,996 0.044 
95 1.027 0.889 0.943 ().028 
100 0.120 0 0 





324 


THEORY OF WING SECTIONS 











(v/V)? 






0 0 0 0 1.600 






OB: ‘iil wteand 0.546 0.739 1.312 
1.25 2.367 0.933 0.966 1.112 
2.0 3.268 1.237 1.112 0.900 











9.0 4.443 1.450 1.204 0.675 








7.5 5.290 1.498 1.224 0.557 
10 5.853 1.520 1.233 0.479 
15 6.682 1.520 1.233 0.381 
20 7.172 1.510 1.229 0.320 


1.484 1.218 0.274 











30 7.502 1.450 1.204 0.239 
40 7.254 1.369 1.170 0.185 
50 6.617 1.279 1.131 0.146 
60 5.704 1.206 1.098 O.115 


1.132 1.064 0.090 







80 3.279 1.049 1.024 0.065 
90 1.810 0.945 0.972 0.041 
95 1.008 0.872 0.934 0.027 


0 0 0 





L.E. radius: 2.48 per cent c 


NACA 0015 Basic Thickness Form 


(per cent c) 


oe er rer a te 


(per cent c) 


APPENDIX I 


0.926 
1.103 
1.228 


1.264 
1.276 
1.278 
1.275 
1.262 


1.247 
1.205 
1.154 
1.116 
1.074 


1.025 
0.966 
0.914 
0 


L.E. radius: 3.56 per cent c 


NACA 0018 Basic Thickness Form 
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326 THEORY OF WING SECTIONS 


a NACA 0021 


(per cent c) | 


0.5 


r 


per cent c) 


en 


0 

3.315 
4.576 
6.221 


7.350 
8.195 
9.354 
10.040 
10.397 


10.504 

10.156. 
9.265 
7.986 
6.412 


4.591 
2.034 
1,412 
0.221 


0 

0.397 
0.787 
1.182 
1.543 


1.682 
1.734 
1.756 
1.742 
1.706 


1.664 
1.538 
1.388 
1.284 
1.177 


1.055 
0.916 
0.801 
0 


0 

0.630 
0.887 
1.087 
1.242 


1.297 
1.317 
1.325 
1.320 
1.306 


1.290 
1.240 
1.178 
1.133 
1.085 


1.027 
0.957 
0.895 
0 


L.E. radius: 4.85 per cent c 





NACA 0021 Basic Thickness Form 







46 








Z 
(per cent c) | (per cent c) 


7.109 


8.400 
9.365 
10.691 
11.475 
11.883 


12.004 
11.607 
10.588 
9.127 
7,328 


5.247 
2.896 
1.613 
0.252 


APPENDIX I 


TT NCC 
TSE 
SRE 
POC 
POC ECCT 
re mma 


NACA 0024 


(v/V)? 


0 

0.335 
0.719 
1.130 
1.548 


1.748 
1.833 
1.888 
1.871 
1.822 


1.777 
1.631 
1.450 
1.325 
1.203 


1.065 
0.891 
0.773 
0 


»/V 


0 

0.579 
0.848 
1.063 
1.244 


1.322 
1.354 
1.374 
1.368 
1.350 


1.333 
1.277 
1.204 
1.151 
1.097 


1.032 
0.944 
0.879 
0 


L.Ié. radius: 6.33 per cent c 


- NACA 0024 Basic Thickness Form 


Pee TT 
PCT PP PCRS 


>, 
Nt tp Lee 
ae Lee) 


8 









1.0 





O20 


328 


THEORY OF WING SECTIONS 





(per cent c) 


a 
et ere py fi el ER fa eile 


100 


(per cent c) 


0 

0.646 
0.903 
1.255 
1.516 


1.729 
2.067 
2.332 
2.709 
2.927 


3.000 
2.917 
2.635 
2.099 
1.259 


0.707 
0.060 


1.059 
1.085 
1.097 
1.105 


1.108 
1.112 
1.116 
1.123 
1.132 


1.137 
1.141 
1.132 
1.104 
1.035 


0.962 
0 


L.E. radius: 0.176 per cent c 


NACA 16-006 Basic Thickness Form 


L 


(per cent c) | (per cent c) 


SS fr Syne} <== nsnineierunsPs ies 


NACA 16-009 Basic Thickness Form 


= 
= 









er 
nels el eel te 
ae (ae ee ee Se 
ae 4 6 
x/c 
¥ (v/V)? v/V 
0 0 0 
0.969 1.042 1.021 
1.354 1.109 1.053 
1.882 1.139 1.067 
2.274 1.152 1.073 
2.593 1.158 1.076 
3.101 1.168 1.081 
3.498 1.177 1.085 
4.063 1.190 1.091 
4.391 1.202 1.096 
4.500 1.211 1.100 
4,376 1.214 1.106 
3.952 1.206 1.099 
3.149 1.156 1.075 
1.888 1.043 1.022 
1.061 0.939 0.969 
0.090 Q 0 


APPENDIX I 


NACA 16-009 





L.E. radius: 0.396 per cent c 





329 


330 


THEORY OF 


WING SECTIONS 





100 





1.292 
1.805 
2.509 
3.032 


3.457 
4.135 
4.664 
5.417 
0.855 


6.000 
5.835 
5,269 
4.199 
2.017 


1.415 
0.120 





(v/V")? 


0 

1.002 
1.109 
1.173 
1.197 


1.208 
1.223 
1.237 
1.257 
1.271 


1.286 
1.293 
1.275 
1.203 
1.051 


0.908 
0 


v/V 


0 

1.001 
1.053 
1.083 
1.094 


1.099 
1.106 
1.112 
1.121 
1.128 


1.134 
1.137 
1.129 
1.097 
1.025 


0.953 
0 


L.E. radius: 0.703 per cent c 


NACA 16-012 Basic Thickness Form 


A TT TT LL TT TT eA a a te i 


0 

1.615 
2.257 
3.137 
3.790 


4.322 
9.168 
5.830 
6.772 
7.318 


7.500 
7.293 
6.587 
5.248 
3.147 


1.768 
0.150 


APPENDIX I 


(v/V)? 


0 
0.956 
1.105 
1.200 
1.239 


1.256 
1.278 
1.297 
1.327 
1.349 


1.364 
1.374 
1.348 
1.254 
1.053 


0.875 
0 


v/V 


0 

0.978 
1.051 
1.095 
1.113 


1.121 
1.130 
1.139 
1.152 
1.161 


1.168 
1.172 
1.161 
1.120 
1.026 


0.935 
0 


L.E. radius: 1.100 per cent c 





NACA 16-015 Basic Thickness Form 


331 


302 THEORY OF WING SECTIONS 


CEE 
DECC PT 
a 


NACA 16-018 Basic Thickness Form 


2.708 
3.764 
4.548 


5.186 
6.202 
6.996 
8.126 
8.782 


9.000 
8.752 
7.904 
6.298 
3.776 


2.122 
0.180 


0.903 
1.092 
1.217 
1.271 


1.302 
1.332 
1.357 
1.399 
1.426 


1.447 
1.452 


_ 1.421 


1.306 
1.051 


0.837 
0 


1.045 
1.103 
1.128 


1.141 
1.154 
1.165 
1.183 
1,194 


1.203 
1.205 
1.192 
1.143 
1.025 


0.915 
0 


L.E. radius: 1.584 per cent c 


Ate tte tt tT tf 
ae Libalice 





APPENDIX I 





20 
30 
4() 


50 
60 
70 
80 
90) 


95 
100 


2.261 
3.159 
4.391 
5.306 


6.050 
7.236 
8.162 
9.480 


10.246 


10.500 
10.211 


9.221 
7,348 
4.405 


2.476 
0.210 


LE. 


0.909 
1.031 
1.105 
1.138 


1.159 
1.179 
1.191 
1.214 
1.227 


1.239 
1.239 
1.223 
1.166 
1.019 


0.895 
0 


radius: 2.156 per cent c 


NACA 16-021 Basic Thickness Form 


pyar aS eevee, | -w-eeshepney 7ST 


330. 


334 


THEORY OF WING SECTIONS 








aie €1=.09 Upper sur Face ++ 
es aa —— 

TTT TP LLL 
de! tt Tf 
Nt | 















(per bis c) EN) v/V Ava/V 





(per cent c) 










0 () 0 0 4,483 






0.5 0.503 0.973 0.986 2.110 
0.75. 0.609 1.050 1.025 1.778 
1.25 0.771 1.080 1.039 1.399 
2.5 1.057. |, 1.110 1.054 0.981 













5.0 1.462 1.130 1.063 0.692 
7.5 1.766 1.142 1.069 0.562 

- 10 2.010 1149 | 1.072 0.484 
15 2.386 1159 | 1.077 0.384 
20 2.656 1.165 1.079 0.321 










25 2.841 1.170 1.082 0.279 
30 2.954 | 1.174 1.084 0.245 
35 3000 | 1.170 1.082 0.218 
40 2.971 1,164 1.079 0.196 
45 2.877 1.151 1.073 0.176 
















50 2.723 1.137 1.066 0.158 
55 2.517 1118 | 1.057 0.141 
60 2.267 1.096 | 1.047 0.125 
65 1.982 1.074 - 1.036 0.111 
70 1.670 1.046 1.023 0.098 








75 1.342 1.020 1.010 0.085 
80 1,008 0.994 0.997 0.073 
85 0.683 0.965 0.982 0.060 
90 0.383 0.936 0.967 0.047 
95 0.138 0.910 0.954 0.032 





100 0 0.886 0.941 0 


L.E. radius: 0.297 per cent c 


NACA 63-006 Basic Thickness Form 


x 
(per cent c) | (per cent c) 


0 
0.5 
0.75 


2.0 


APPENDIX I 


|| ferret tper surtoce | |_| 
——— Shea 
Sa 


08 Lower surface 


0 

0.749 
0.906 
1.151 
1.582 


2.196 
2.655 
3.024 
3.091 
3.997 


4.275 
4.442 
4.500 
4,447 
4.296 


4.056 
3.739 
3.308 
2.928 
2.458 


1.966 
1.471 
0.990 
0.550 
0.196 


0 


0.885 
1.002 
1.051 
1.130 


1.180 
1.205 
1.221 
1.241 
1.255 


1.264 
1.269 
1.265 
1.255 
1.235 


1.208 
1.175 
1.141 
1.104 
1.065 


1.025 
0.984 
0.942 
0.903 
0.868 


0.838 


0 


1.001 
1.025 
1.063 


1.086 
1.098 
1.105 
1.114 
1.120 


1.124 
1,126 
1,125 
1.120 
Lill 


1.099 
1.084 
1.068 
1.051 
1.032 


1.012 
0.992 
0.971 
0.950 
0.932 


0.915 





L.E. radius: 0.631 per cent c 


NACA 63-009 Basic Thickness Form 


0.941 


335 


336 


0 
0.5 


6 






ae 


0.75 
1.25 


2.9 


9.0 

7.9 
10 
15 
20 


20 
30 
30 
40 
45 





¢,=./0 Upper surface 


f_ | 
Le 
Se 
he 
een he) 
f | 
Lower surface 
Pitt tT | | SR 
Pt er oth 
a a ee 


0 

0.829 
1.004 
1.275 
1.756 


2.440 
2.950 
3.362 
3.994 
4.445 
4.753 
4.938 
5.000 
4.938 
4.766 


4,496 
4,140 
3.715 
3.234 
2.412 


2.166 
1.618 
1.088 
0.604 
0.214 


0 


(per cent c) | (per cent c) 


* x/6 


(v/V)? 


0 

0.841 
0.978 
1.037 
1.131 


1.193 
1.223 
1.245 
1.270 
1.285 


1.296 
1.302 
1.299 
1.286 
1.262 


1.231 
1.193 
1.154 
1.113 
1.069 


1.025 
0.979 
0.935 
0.893 
0.853 


0.822 


THEORY OF WING SECTIONS 


v/V 


0 

0.917 
0.989 
1.018 
1.063 


1.092 
1.106 
1.116 
1.127 
1.134 


1.138 
1.141 
1.140 
1.134 
1.123 


1.110 
1.092 
1.074 
1.055 
1.034 


1.012 
0.989 
0.967 
0.945 
0.924 


0.907 


L.E. radius: 0.770 per cent c 


NACA 63-010 Basic Thickness Form 











Ava/V 


2.775 
1.825 
1.603 
1.316 
0.952 


0.687 
0.560 
0.484 
0.386 
0.325 


0.282 
0.248 
0.220 
0.196 
0.175 


0.156 
0.139 
0.123 
0.108 
0.094 


0.081 
0.069 
0.056 
0.043 
0.030 


100 


L.E. radius: 1.087 per cent c 
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1.005 
1.129 


1.217 
1.261 
1.294 
1.330 
1.349 


1.362 
1.370 
1.366 
1.348 
1.317 


1.276 
1.229 
1.181 
1.131 
1.076 


1.023 
0.969 
0.920 
0.871 
0.826 


0.791 


0.866 
0.962 
1.003 
1.063 


1.103 
1.123 
1.138 
1.153 
L.161 


1.167 
1.170 
1.169 
1.161 
1.148 


1.130 
1.109 
1.087 
1.063 
1.037 


1.011 
0.984 
0.959 
0.933 
0.909 


0.889 


NACA 63,-012 Basic Thickness Form 
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(per cent c) 


0 
0.5 
0.75 
1.25 
2.9 





NACA 63.-015 Basic Thickness Form | 


(per cent c) 


() 

1.204 
1.462 
1.878 
2.610 
3.648 
4.427 
0.055 
6.011 
6.693 


7.155 
7.421 
7.500 
7.386 
7.099 


6.665 
6.108 
5.453 
4.721 
3.934 


3.119 
2.310 
1.541 
0.852 
0.300 


0 


(v/V) 


() 

0.600 
().822 
0.938 
1.105 


1.244 
1.315 
1.360 
1.415 
1.446 


1.467 
1.481 
1.475 
1.446 
1.401 


1.345 
1.281 
1.220 
1.155 
1.085 


1.019 
0.953 
0.894 
0.839 
0.789 


0.750 


0.907 
0.969 
1.051 


1.115 
1.147 
1.166 
1.190 
1.202 


1.211 
1.217 
1.214 
1.202 
1.184 


1.160 
1.132 
1.105 
1.075 
1.042 


1.009 
0.976 
0.946 
0.916 
0.888 


0.866 


L.E. radius: 1.594 per cent c 





ae 


Pils | 
ttt ty 


0.903 


0.674 
0.557 
0.484 
0.388 
0.330 


0.286 
0.251 
0.222 
0.196 
0.174 


0.153 
0.135 
0.118 
0.102 
0.088 


0.076 
0.063 
0.051 
0.039 
0.026 


0 
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& 


\ AN 


ZS 





\i tt io 
i tt 


[_ 
5 


tl ie nar 


0 
0.5 


0.75 
1.25 


2.9 


5.0 

7.5 
10) 
15 
2() 


20 
30 
30 
40 
45 
50) 
95 
60 
65 
70 


75 
80 
85 
90 
95 


100 


() 

1.404 
1.713 
2.217 
3.104 
4.362 
5.308 
6.068 
7.225 
8.048 


8.600 
8.913 
9.000 
8.845 
8.482 


7.942 
7.256 
6.455 
5.567 
4.622 


3.650 
2.691 
1.787 
0.985 
0.348 


0 


| 


t 








1.065 


1.260 
1.360 
1.424 
1.500 
1.547 


1.579 
1.598 
1.585 
1.550 
1.490 


1.411 
1.330 
1.252 
1.170 
1.087 


1.009 
0.933 
0.868 
0.807 
0.753 


0.712 


JA t tT Tw tt 


0.664 
0.837 
0.921 
1.032 


1.122 
1.166 
1.193 
1.225 
1.244 


1.257 
1.264 
1.259 
1.245 
1.221 


1.188 
1.153 
1.119 
1.082 
1.043 


1.004 
0.966 
0.932 
0.898 
0.868 


0.844 


L.E. radius: 2.120 per cent c 
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NACA 63,-021 


Joe 

EPC 

NOTE 
é ; 





: x/e 








& y 
(per cent c) | (per cent c) 


te | ES | i | TT | —————————————— 


0.75 1.937 0.564 0.751 1.156 
1.25 2.027 0.725 0.851 1.034 
1.010 1.005 




















0.0 5.065 1.260 1.122 0.653 
7.5 6.182 1.394 1.181 0.550 
10 7.080 1.487 1.219 0.484 
15 8.441 1.592 1.262 0.392 


1.655 1.286 0.335 





25 10.053 1.698 1.303 0.291 
30 10.412 1,721 1.312 0.255 
35 10.500 1.709 1.307 0.225 
40 10.298 1.654 1.286 0.198 


1.578 1,256 0.173 


, 1.479 1.216 
50 8.390 1.380 1.175 0.130 








60 7.441 1.281 1.132 0.112 
65 6.396 1.180 1.086 0.096 


1.084 1.041 












75 4.160 0.994 0.997 0.068 
80 3.054 0.911 0.954 0.057 
85 2.021 0.839 0.916 0.046 
90 1.113 0.774 0.880 0.035 


0.721 0.849 0.023 
0.676 0.822 













L.E. radius: 2.650 per cent c 





(per cent c) | (per cent c) 


0 
0.5 
0.75 
1.25 
2.9 


5.0 

7.9 
10 
15 
20 


25 
30 
30 
40 
45 


o0) 
59 
60 
65 
70 


75 
80 
895 
90 
95 


100 


a LT 


0 

0.495 
0.595 
0.754 
1.045 


1.447 
1.747 
1.989 
2.362 
2.631 


2.820 
2.942 
2.996 
2.989 
2.914 


2.788 
2.613 
2.396 
2.143 
1.859 


1.556 
1.248 
0.939 
0.630 
0.322 


0.013 
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0 

0.900 
1.063 
1.086 
1.112 


1.134 
1.142 
1.150 
1.159 
1.165 


1.168 
1.170 
1.169 
1.162 
1.151 


1.138 
1.120 
1.100 
1.079 
1.057 


1.035 
1.010 
0.986 
0.964 
0.939 


0 


L.E. radius: 0.265 per cent c 
T.E. radius: 0.014 per cent c 


NACA 63A006 Basic Thickness Form 


c, =.0/Upper surface | | 


Avu/V 


4.560. 
2.079 
1.794 


1.370 . 


0.976 
0.693 


0.563 


0.485 
0.383 
0.321 


0.278 
0.244 
0.217 
0.195 
0.175 


0.158 
0.140 
0.126 
0.112 
0.098 


0.085 
0.072 
0.060 
0.047 
0.033 


0 
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= .05 Upper surface 


ie = 
eertt TTT 
A 1 





O45 lower Surface 


core wacaesaoos | | | 








0 2 4 6 8 LO 
x/¢ 

ss y | VY? ; Ange 
(per cent ¢) (per eent ¢) (e/V) vfV dva/'| 
Q 0 0) 0 3.465 
().5 ().658 ().850 ().922 1.961 
0.75 ().791 1.034 1.017 1.674 
1.25 1.003 1.080 1.039 1.344 
2.5 1.391 1.132 1.064 ().967 
5.0 1.930 1.168 1.081 ().689 
7.0 2.332 1.185 1.089 ().562 
10 2.656 1.198 1.095 ().484 
15 3.155 1.212 1.101 0.383 
20 3.515 L221 1.105 0.322 
20 3.766 1.227 1.108 ().279 
30 3.926 1.230 1.109 ().246 
35 3.995 1.228 1.108 0.218 
40 3.978 1.219 1.104 0.195 
45 3.878 1.204 1.097 0.174 
50 3.705 1.1838 1.088 0.156 
595 3.468 1.159 1.077 0.138 
60 3.176 1.132 1.064 0.123 
65 2.837 1.104 1.051 0.109 
70 2.457 1.073 1.036 0.096 
15 2.055 1.042 1.021 0.083 
80 1.647 1.010 1.005 0.070 
85 1.240 0.980 0.990 0.058 
‘90 0.833 | 0.951 ‘0.975 0.045 
95 0.425 | 0.919 0.959 0.030 

100 0.018 0 0 0 


i 


NACA 63A008 Basic Thickness Form 


L.E. radius: 0.473 per cent ¢ 
T.E. radius: 0.020 per cent ¢ 


cs 


APPENDIX I | 343 


ee | | 
ya | | | Ps 


‘09 Lower surface 


[eer 





0 ‘2 4 6 
x/¢ 
x y F 
(per cent c) | (per cent c) (o/V) vfV Ava/V 
0 0 0 0 2.805 
0.5 0.816 0.774 0.880 1.833 
().75 ().983 ().985 ().992 1.594 
1.25 1.250 1.043 1.021 1.307 
2.5 1.737 1.140 1.068 ().957 
5.0 2.412 1.200 1.095 ().684 
7.9 2.917 1.225 1.107 ().560 
10 3.324 1.245 1.116 ().483 
15 3.950 1.268 1.126 0.383 
20) 4.400 1.282 1.132 0.324 
2p Os 4,714 1.290 1.136 _ 0.280 — 
30) 4.913 1.294 1.138 0.247 
35 4.995 1.291 1.136 0.218 
40) 4.968 © 1.279 1.131 0.195 
45 4.837 1.258 1.122 0.174 
50 4.613 1.230 1.109 0.155 
55 4.311 1.196 1.094 — 0.137 
60 3.943 1.162 1.078 0.122 
65 3.517 1.125 1.061 0.108 
70 3.044 1.086 1.042 ().094 
75 2.545 1.048 1.024 0.081 
80) 2.040 1.009 1.004 0.068 
85 1.535 0:972 0.986 0.057 
90 1.030 0.938 0.969 0.044 
95 0.525 | 0.900 0.949 0.030 
100 0.021 «| OO 0 0 





L.E. radius: 0.742 per cent c 
T.E. radius: 0.023 per cent c 


NACA 63A010 Basic Thickness Form 
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7 gees =,/2 Upper surface 
=asN 
ES 


tehelendn 
VAT | TT Sef 
H | PIS 






(¥) 
V. 4 1/2 Lower surface : 
| | | |aacassaoz) | | | 
Ppt tt tt 
ee rr 
ao tH 
Ws me oe a a 
0 «2 4 6 10 
x/c 






L 




















0 
0.5 
0.75 
1.25 
2.5 


5.0 

7.5 
10 
15 































































(per cent c) 


y 


(per cent c) 


0 

0.973 
1.173 
1.492 
2.078 


2.898 
3.004 
3.994 
4.747 
5.287 


5.664 
5.901 
5.995 
5.957 
5.792 


5.517 
5.148 
4.700 
4.186 
3.621 


3.026 
2.426 
1.826 
1.225 
0.625 


0.025 


(v/V)? 


0 

0.686 
0.924 
0.985 
1.136 


1.229 
1.265 
1.291 
1.324 
1.344 


1.355 
1.360 
1.357 
1.340 
1.312 


1.275 
1.234 
1.191 
1.145 
1.098 


1.051 
1.007 
0.964 
0.925 
0.880 


0 


L.E. radius: 1.071 per cent c 
T.E. radius: 0.028 per cent c 


v/V 


0 

0.828 
0.961 
().992 
1.066 


1.109 
1.125 
1.136 
1.151 
1.159 


1.164 
1.166 
1.165 
1.158 
1.145 


1.129 
1.111 
1.091 
1.070 
1.048 


1.025 
1.003 
0.982 
0.962 


0.938 


0 






NACA 63,A012 Basic Thickness Form 


Ava/Y 


a ee 


2.361 
1.701 
1.515 
1.258 
0.935 


0.679 
0.559 
0.482 
0.384 
0.325 


0.281 
0.248 
0.219 
0.196 
0.174 


0.154 
0.136 
0.120 
0.106 
().092 


0.079 
0.066 
0.055 
0.042 
0.029 


0 














100 


1.203 
1.448 
1.844 
2.079 


3.618 
4.382 
4.997 
5.942 
6.619 


7.091 
7.384 
7,496 
7.435 
7.215 


6.858 
6.387 
5.820 
9.173 
4.468 


3.731 
2.991 
2.252 
1.512 
0.772 


0.032 
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1.396 


1.349 
1.296 
1.237 
1.175 
1.115 


1.055 
1.000 
0.950 
0.900 
0.850 


0 


et 18 Upper surface 


0.742 
0.908 
0.939 
1.058 


1.121 
1.150 
1.167 
1.187 
1.199 


1.206 
1.210 
1.207 
1.198 
1.182 


1.161 
1.138 
1.112 
1.084 
1.056 


1.027 
1.000 
0.975 
0.949 
0.922 


0 


L.E. radius: 1.630 per cent c 
T.EE. radius: 0.037 per cent c 


_— 











345 


346 THEORY OF WING SECTIONS 


S| 


(a SS 








r 





NACA 64-006 Basic Thickness Form 


¥ 


(per cent c) mer cent c) 


0.494 
0.596 
0,754 
1.024 


1.405 
1.692 
1.928 
2.298 
2.572 


2.072 
2.907 
2.981 
2.995 
2.919 


2.775 
2.575 
2.301 
2.050 
1.740 


1.412 
1.072 
0.737 
0.423 
0.157 


0 


L.E. 


| 
NACA 64-006 





(v/V")? 


1.058 
1.085 
1.108 


1.119 
1.128 
1.134 
1.146 
1.154 


1.160 
1.164 
1.168 
1,171 
1.160 


1.143 
1.124 
1.102 
1.079 
1.054 


1.028 
1.000 
0.970 
0.939 
0.908 


0.876 


radius: 0.256 per cent c 
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C= .04 Upper surfoce 






2 
(v7) 

a 

‘1 
di oe rnraamaid tal | 
ae en ke, 
of Lote se te 

O we 4 6 8 1.0 


x/e 










L 


Y 
(per cent c) (o/V)* vf V Ava/V 


(per cent c) 














0 | 9) 0 0 3.544 


0.5 0.658 - 0.912 0.955 1.994 
0.75 0.794 1.016 1.008 1.686 
1.25 1.005 1.084 1.041 1.367 


1.365 1.127 1.062 0.969 
1.875 1.152 1.073 0.688 














7.5 2.209 1.167 1.080 0.560 
10 2.0/4 1.179 1.086 0.480 
15 3.069 1.195 1.093 0.385 


3.437 1.208 1.099 


3. 10-4 1.217 1.103 
30 3.884 1.225 1.107 0.246 
30 3.979 1.230 1.109 0.220 
40 3.992 1.235 1.111 0.198 
3.883 1.220) 1.105 0.176 


3.684 1.191 1.091 
59 3.411 1.163 1.078 0.141 
60 3.081 1.133 1.064 0.125 
65 2.704 1.102 1.050 0.110 
2.291 1.069 1.034 0.096 


1.854 1.033 1.016 ; 
80 1.404 0.995 0.997 0.071 
895 0.961 0.957 0.978 0.059 
90 0.550 0.918 0.958 0.046 
0.206 0.878 0.937 


0 0.839 0.916 


















































L.E. radius: 0.455 per cent c 


NACA 64-008 Basic Thickness Form 
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0.739 
0.892 
1.128 
1.533 


2.109 
2.543 
2.898 
3.459 
3.868 


4.170 
4.373 
4,479 
4.490 
4.364 


4.136 
3.826 
3.452 
3.026 
2.561 


2.069 
1.564 
1.069 
0.611 
0.227 


0 
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0.934 
0.995 
1.037 
1.063 


1.080 
1.089 
1.095 
1.105 
1.112 


1.116 
1.120 
1.123 
1.126 
1.116 


1.103 
1.088 
1.072 
1.055 
1.036 


1.016 
0.996 
0.975 
0.952 
0.930 


0.907 


L.E. radius: 0.579 per cent c 


NACA 64-009 Basic Thickness Form 





APPENDIX I 

















ry\2 
(per cent c) | (per cent c) (0/V) v/V Ava/V 








0 0 0 0 2.815 
0.5 0.820 0.834 0.913 1.817 
0.75 0.989 0.962 0.981 1.586 
1.25 1,250 1.061 1.030 1.313 





2.9 1.701 1.130 1.063 0.957 








5.0 2.343 1.181 1.087 0.684 
7.5 2.826 1.206 1.098 0.559 
10 3.221 1.221 1.105 0.480 
15 3.842 1.245 1.116 0.386 


4.302 1.262 1.123 0.325 















25 4.639 1.275 1.129 _ 0.280 
30 4.864 1.286 1.134 0.246 
30 4.980 1.295 1.138 0.220 
40 4.988 1.300 1.140 0.199 


4.843 





1.279 1.131 0.176 








50 4.586 1.241 1.114 0.158 
55 4,238 1.201 1.096 0.139 
60 3.820 1.161 1.077 0.124 
65 3.3495 1.120 1.058 0.109 


2.827 1.080 1.039 0.095 









75 2.281 1.036 1.018 0.081 
80 1.722 0.990 0.995 0.069 
85 1.176 0.944 0.972 0.057 
90 0.671 0.900 0.949 0.044 


0.248 0.850 0.922 0.030 
0 0.805 0.897 0 












L.E. radius: 0.720 per cent c 


NACA 64-010 Basic Thickness Form 
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1.6 








1.179 
1.490 
2.035 


2.810 
3.394 


(3.871 


4,620 
5.173 


5.576 
5.844 
5.978 
5.981 
5.798 


5.480 
5.056 
4,548 
3.974 
3.350 


2.695 
2.029 
1.382 
0.786 
0.288 


0 


0.885 
1.020 
1.129 


1.204 
1.240 
1.264 
1.296 
1.320 


1.338 
1.351 
1.362 
1.372 
1.335 


1.289 
1.243 
1.195 
1.144 
1.091 


1.037 
0.981 
0.928 
0.874 
0.825 


0.775 


0) 

0.866 
0.941 
1.010 
1.063 


1.097 
1.114 
1.124 
1.139 
1.149 


1.156 
1.162 
1.167 
1.171 
1.156 


1.136 
1.115 
1.093 
1.070 
1.044 


1.018 
0.990 
0.963 
0.935 
0.908 


0.880 


L.E. radius: 1.040 per cent c 





NACA 64)-012 Basic Thickness Form 
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SCI 
Pte St 

| HH 
P| hed 


Poo Ladd 





neers | YL | 





1.456 
1.25 1.842 0.896 0.947 1.188 
2.528 


; 3.004 
7.9 4,240 1.284 1.133 0.559 





















10 4.842 1.323 1.150 0.482 
15 5.785 1.375 1.172 0.389 


6.480 
6.985 





30 7.319 1.454 1.206 0.250 
30 7.482 1.470 1.213 0.225 
40 7.473 1.485 1.218 0.202 


7.224 
6.810 





90 6.266 1.300 1.140 0.135 
60 9.620 1.233 1.110 0.121 
65 4.895 1.167 1.080 0.105 


4.113 
3.296 









80 2472 | 0.967 | 0.983 0.065 
85 - 1.677 | 0.902 0.950 0.054 
90 0.950 0.841 | 0.917 0.041 
95 0.346 | 0.785 = 0.886 0.031 
100 | 0 | 0.730 | (0.855 0 


L.E. radius: 1.590 per cent c 


NACA 64,-015 Basic Thickness Form 
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0 & 4 6 8 4.0 


x/e 


t y 
(per cent c) | (per cent c) 


0 
0.5 
0.75 


0 

1.428 
1.720 
2.177 
3.005 


4.186 
5.076 
5.803 
6.942 
7.782 


8.391 
8.789 
8.979 
8.952 
8.630 


8.114 
7.445 
6.658 
5.782 
4.842 


3.866 
2.888 
1.951 
1.101 
0.400 


0 


(v/V)? 


0 

0.546 
0.705 
0.862 
1.079 


1.244 
1.327 
1.380 
1.450 
1.497 


1.535 
1.562 
1.585 
1.600 
1.518 


1.436 
1.354 
1.272 
1.190 
1.109 


1.028 
0.952 
0.879 
0.812 
0.747 


0.695 


v/V 


0 

0.739 
0.840 
0.920 
1.039 


1.115 
1.152 
1.175 
1.204 
1.224 


1.239 
1.250 
1.259 
1.265 
1.232 


1.198 
1.164 
1.128, 
1.091 
1.053 


1.014 
0.976 
0.937 
0.901 
0.864. 


0.834 


L.E. radius: 2.208 per cent c 





NACA 64;-018 Basie Thickness Form 


0 


x 
(per cent c) 


0 
0.5 
0.75 


2.9 


y 
(per cent c) 


0 

1.646 
1.985 
2.517 
3.485 


4.871 
5.915 
6.769 
8.108 
9.095 


9.807 
10.269 
10.481 
10.431 
10.030 


9.404 
8.607 
7.678 
6.649 
5.549 


4.416 
3.287 
2.213 
1.245 
0.449 


0 
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(v/V)? 


0 

0.462 
0.603 
0.759 
1.010 


1.248 
1.358 
1.431 
1.527 
1.593 


1.654 
1.681 
1.712 
1.709 
1.607 


1.507 
1.406 
1.307 
1.209 
1.112 


1.020 
0.932 
0.851 
0.778 
0.711 


0.653 


v/V 


er re et | ee TE I — EY 


0 

0.680 
0.776 
0.871 
1.005 


1.117 
1.165 
1.196 
1.236 
1.262 


1.281 
1.297 
1.308 
1.307 
1.268 


1.228 
1.186 
1.143 
1.099 
1.055 


1.010 
0.965 
0.923 
0.882 
0.844 


0.808 


L.E. radius: 2.884 per cent c 
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303 


304 


L2 


tt 


0) 
0.5 
0.75 
1.25 
2.9 


5.0 

7.5 
10 
15 
20 


100 


i ee  N —S————— 
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ee 
= 





| Y 
(per cent c) | (per cent. c) 


0) 

0.485 
0.585 
0.739 
1.016 


1.399 
1.684 
1.919 
2.283 
2.557 


2.700 
2.896 
2.977 
2.999 
2.945 


2.825 
2.653 
2.438 
2.188 
1.907 


1.602 
1.285 
0.967 
0.649 
0.331 


0.013 








P| | 
f 


——— 
i ee 


02 Lower surface 


i pee) Tt 


1.019 
1.046 
1.076 
1.106 


1.118 
1.126 
1.132 
1.141 
1.149 


1.154 
1.158 
1.162 
1.165 
1.156 


1.142 
1.125 
1.107 
1,087 
1.066 


1.043 
1.018 
0.992 
0.964 


0.935 


0 


1.009 
1.023 
1.037 
1.052 


1.057 
1.061 
1.064 
1.068 
1.072 


1.074 
1.076 
1.078 
1.079 
1.075 


1.069 
1.061 
1.052 
1.043 
1.0382 


1.021 
1.009 
0.996 
0.982 
0.967 


0 


L.E. radius: 0.246 per cent c 
T.E. radius: 0.014 per cent c 


NACA 64A006 Basic Thickness Form 


7 C,=.02 Upper surtace 
/ 


A 















Ava/V 


4.688 
2.101 
1.798 
1.422 
0.980 


0.694 
0.564 
0.482 
0.382 
0.321 


0.278 
0.246 
0.219 
0.197 
0.177 


0.159 
0.143 
0.126 
0.112 
0.099 


0.087 
0.074 
0.061 
0.047 
0.033 


0 
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Ape cent }) (per cent a 


() 

0.646 
0.778 
0,983 
1.353 


1.863 
2.245 
2.909 
3.047 
3.414 


3.681 
3.866 
3.972 
3.998 
3.921 


3.707 
3.024 
3.234 
2.897 
2.521 


2.117 
1.698 
1.278 
0.858 
0.438 


0.018 


0.973 
1.002 
1.033 
1.059 


1.073 
1.079 
1.084 
L.O91 
1.096 


1.100 
1.103 
1.105 
1.107 
1.100 


1.091 
1.080 
1.068 
1.055 
1.041 


1.026 
1.010 
0.993 
0.975 
0.956 


0 


L.E. radius: 0.439 per cent c 
T.E. radius: 0.020 per cent c 





NACA 64A008 Basic Thickness Form 
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L 
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a 
i 





as 
- 
N 


“08 Lower surface 


7¢,=.08 Upper surface 


aad 
= 


ee 


NACA 6440/0 


feast 

Pee een le cee ees 

oy ena 
0 2 4 6 


Y 


(per cent c) | (per cent c) 


0.804 
0.969 
1.225 
1.688 


2.327 
2.905 
3.199 
3.813 
4.272 


4.606 
4.837 
4.968 
4.998 
4.894 


4.684 
4.388 
4.021 
3.097 
3.127 


2.623 
2.103 
1.582 
1.062 
0.541 


0.021 


(o/V)? 


L.E. radius: 0.687 per cent c 
T.E. radius: 0.023 per cent c 





NACA 64A010 Basic Thickness Form 
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| 7 C,=./35 Upper surface 

eS 
SS 

Aha 





wie 
(¥) ~/F Lower surface PN 
8 fF 

PL | pet oraoe | | | | 
|} 

et 

+} +} 
0 2 A- 6 8 10 
x/o° 


i | nf 


0 : 
0.5 0.961 0.792 0.890 1.720 





0.75 1.158 0.893 0.945 1.515 
1.25 1.464 1.006 1.003 1.254 


2.018 


: 2.788 
7.5 3.364 1.235 1.111 0.560 





10 3.839 1.257 1,121 0.478 
15 4,580 1.288 1.135 0.383 


5.132 


0.034 ; 
30 5.809 1.336 1.156 0.249 





35 5.965 1.346 1.160 0.221 
40 5.993 1.354 1.164 0.199 


5.863 


5.605: , 
90 5.244 1.250 1.118 0.139 





60 4.801 1.207 1.099 0.123 
65 4.289 1.164 1.079 0.108 


3.721 


3.118 : 
80 2.000 1.023 1.011 0.068 





85 1.882 0.974 0.987 0.056 


90 1.263 0.925 | 0.962 0.042 
0.644 


0.025 





L.E. radius: 0.994 per cent c 
T.E. radius: 0.028 per cent c 
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SCOCTE 
(|e [ t 

eS 
poe am 


70, =.2/ Upper surface 


we 
2/ lower surface Za 
{ae XN 
P| | [wacaesaors | | | | 


1.436 
1.815 


2.008 


3.477 
4,202 
4.799 
5.732 
6.423 


6.926 
7.270 
7.463 
1.487 
7.313 


6.978 
6.517 
5.956 
5.311 
4.600 


3.847 
3.084 
2.321 
1.558 
0.795 


0.032 


0.789 
0.936 
1.110 


1.226 
1.280 
1.314 
1.360 
1.390 


1.413 
1.430 
1.445 
1.458 
1.414 


1.364 
1.311 
1.255 
1.198 
1.139 


1.079 
1.020 
0.961 
0.901 
0.843 


0 


0.967 
1.054 


1.107 
1.131 
1.146 
1.166 
1.179 


1.189 
1.196 
1.202 
1.207 
1.189 


1.168: 


1.145 
1.120 
1.095 
1.067 


1.039 
1.010 
0.980 
0.949 
0.918 


0 


L.E. radius: 1.561 per cent c 
T.E. radius: 0.087 per cent c 





NACA 64,A015 Basic Thickness Form 
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C= Ol ~— surface 


-0O/ Lower wont 


bichaud HAF 








[ft ad 
EE 
L 


Y 
(per cent c) | (per cent c) 


1.027 
1.031 
1.040 


1.049 
1.055 
1.058 
1.065 
1.069 


1.072 
1.075 
1.077 
1.078 
1.080 


1.079 
1.070 
1.060 
1.049 
1.036 


1.022 
1.006 
0.990 
0.972 
0.950 


0.926 


L.E. radius: 0.240 per cent c 





NACA 65-006 Basic Thickness Form 
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360 


(A a ee nerer irene | PS rere 


L 


0 

0.627 
0.756 
0.945 
1,267 


1.745 
2.118 
2.432 
2.931 
3.312 


3.099 
3.805 
3.938 
3.998 
3.974 


3.857 
3.638 
3.3037 
2.971 


2.503. 


2.096 
1.617 
1.131 
0.664 
0.252 


0 


NACA 65-008 


PHEORY OF WING SECTIONS 





Sn rrr prema crete rer ee geeewryrmerermcmremmresiermi meme peter pep 


0.989 
1.005 
1.021 
1.042 


1.061 
1.070 
1.076 
1.085 
1.092 


1.097 
1.100 
1.103 
1.105 
1.107 


1.105 
1.092 


1.078 - 


1.063 
1.046 


1.027 
1.007 
0.985 
0.961 
0.934 


0.904 


L.E. radius: 0.434 per cent c 


NACA 65-008 Basic Thickness Form 


Sa 


Ava/V 


3.695 
2.010 
1.696 
1.340 
0.956 


0.689 
0.560 
0.477 
0.382 
0.323 


0.281 
0.248 
0.221 
0.199 
0.178 


0.160 
0.145 
0.128 
0.113 
0.098 


0.084 
0.072 
0.059 
0.044 
0.031 


APPENDIX I 


ee e, 7.06 a surface - 






x 


a ramets ferry SPE SSS SNES SSS a 1 ED 


0.75 0.845 0.985 0.992 1.655 
1.25 1.058 1.037 1.018 1.315 
1.421 1.044 


1.961 1.065 

7.5 2.383 1.159 1.077 0.560 
10 2.736 1.177 1.085 0.477 
15 3.299 1.200 1.095 0.382 
3.727 1.216 1.103 0.323 


4.050 1.109 
30) 4,282 1.238 1.113 0.248 
30 4.431 1.246 1.116 0.220 
40 4,496 1.252 1.119 0.198 
4.469 1.258 1.122 0.178 


4.336 1.118 
55 4.086 1.220 1.105 0.144 
60 3.743 1.185 1.089 0.128 
65 3.328 1.145 1.070 0.111 
2.806 1,103 1.050 0.097 


2.342 : 1.029 
80 1.805 1.013 1.006 0.071 
85 1.260 0.963 0.981 0.059 
90 0.738 0.912 0.955 0.044 
0.280 0.856 0.925 0.030 


0 0.893 

















































L.E. radius: 0.552 per cent c 


NACA 65-009 Basic Thickness Form 
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(A 
(PTE CP SS 
P| beadhan’ 


NACA 65-010 


Eee 





L.E. radius: 0.687 per cent c 


NACA 65-010 Basic Thickness Form 


(per cent c) | (per cent c) (o/V)" ye Ave/V 
0 () 0) () 2.967 
0.5 0.772 0.911 0.954 1.911 
0.75 0.932 0.960 0.980 1.614 
1.25 1.169 1.025 1.012 1.292 
2.5 1.574 1.085 1.042 0.932 
5.0 2.177 1.1438 1.069 0.679 
7.5 2.647 1.177 1.085 0.558 

10 3:040 1.197 1.094 0.480 
15 3.666 1.224 1.106 0.383 
20 4.143 1.242 1.114 0.321 
25 4.503 1.257 1.121 0.280 
30 4.760 1.268 1.126 0.248 
35 4,924 1.277 1.130 0.222 
40 4.996 1.284 1.133 0.199 
45 4,963 1.290 1.136 0.179 
50 4.812 1.284 1.133 0.160 
55 4.530 1.244 1.115 0.141 
60 4.146 1.202 1.096 0.126 
65 3.682 1.158 1.076 0.110 
70 3.156 1.112 1.055 0.097 
75 2.584 1.062 1.031 0.082 
80 1.987 1.011 1.005 0.070 
85 1.385 0.958 0.979 0.058 
90 0.810 0.903 0.950 0.045 
95 0.306 0.844 0.919 0.030 
100 0 0.781 0.884 0 
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AA SSTCPS is 
yf | pf | 


L 








L.E. radius: 1.000 per cent c 


NACA 65,-012 Basic Thickness Form 


: 
(per cent c) | (per cent c) of VY se Ave/V 
0 0 0) 0 2.444 
0.5 0.923 0.848 0.921 1.776 
0.75 1.109 0.935 0.967 1.465 
1.25 1.387 1.000 1.000 1.200 

2.5 1.875 1.082 1.040 0.931 os 
5.0 2.606 1.162 1.078 0.702 
7.5 3.172 1.201 1.096 0.568 
10 3.647 1.232 1.110 0.480 
15 4.402 1.268 1.126 0.389 
20 4.975 1.295 1.138 0.326 
25 5.406 1.316 1.147 0.282 
30 5.716 1.332 1.154 0.251 
35 5.912 1.343 1.159 0,223 
40 5.997 1.350 1.162 0.204 
45 5.949 1.357 1.165 0.188 
50 5.757 1.343 1.159 0.169 
55 5.412 1.295 1.138 0.145 
60 4.943 1.243 1.115 0.127 
65 4.381 1.188 1.090 0.111 
70 3.743 1.134 1.065 0.094 
75 3.059 1.073 1.036 0.074 
80 2.345 1.010 1.005 0.062 
85 1.630 0.949 0.974 0.049 
90 0.947 0.884 0.940 0.038 
95 0.356 0.819 0.905 0.025 

100 0 0.748 0.865 0 


Te rece aed Dts ss © 
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en 
Pe ttt 
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v . 
4. SAG 
~ T7E TT ETE TEN 
Toe crs 
l = NACA 655-015 
Si aan 
ae 
Leary | a ct 
oO ee 4 6 a 10 
x/c 
x Y Vy 4 
(per cent c) | (per cent c) ae Ns Ava/V 
.0 0 () 0 2.038 
0.5 1.124 ().654 0.809 1.729 
0.75 1.356 0.817 0.904 1.390 
1,25 1.702 0.939 0.969 1.156 
2.5 2.324 1.063 1.031 0.920 
. 5.0 3.245 1.184 1.088 0.682 
75 3.959 1.241 1.114 0.563 
10 4.555 1.281 1.132 0.487 
ss 15 5.504 1.336 1.156 0.393 
20 6.223 1.374 1.172 0.334 
25 6.764 1.397 1.182 0.290 
30 7.152 1.418 1.191 0.255 
85 7.396 1.438 1.199 0.227 
40 7.498 1.452 1.205 0.203 
45. 7.427 1.464 1.210 0.184 
50 7.168 1.433 1.197 0.160 
55 6.720 1.369 1.170 0.143 
60 6.118 1.297 1.139 0.127 
, 65 5.403 1.228 1.108 0.109 
70 4.600 1.151 1.073 0.096 
- 75 3.744 1.077 1.038 0.078 
80 2.858 1.002 1.001 0.068 
» 85 1.977 0.924 0.961 0.052 
90 1.144 0.846 0.920 0.038 
. 95 0.428 0.773 0.879 0.026 
- 100 0 0.697 0.835 0 








L.E. radius: 1.505 per cent c 


NACA 65.-015 Basic Thickness Form 
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L.E. radius: 1.96 per cent c 


NACA 65;-018 Basic Thickness Form 


AE 





a2 4 6 10 
x/c 
= 2 

(per cent c) | (per cent c) (o/V) vee Ava/V 
0 — 0 0 0 1.746 
0.5 1.337 0.625 0.791 1.437 
0.75 1.608 0.702 0.838 1.302 
1.25 2.014 0.817 0.904 1.123 
2.5 2.7ol 1.020 1.010 0.858 
5.0 3.866 1.192 1.092 ().650 
7.5 4.733 1.275 1.129 ().542 
10 5.457 1.329 1.153 0.474 
15 6.606 1.402 1.184 0.385 
20 7.476 1.452 1.205 0.327 
25 8.129 1.488 1.220 ().285 
30 8.595 1.515 1.231 0.251 
35 8.886 1.539 1.241 0.225 
40 8.999 1.561 1.249 0.203 
45 8.901 1.578 1.256 0.182 
50 8.568 1.526 1.235 0.157 
55 8.008 1.440 1.200 0.137 
60 7.267 1.353 1.163 0.118 
65 6.395 1.262 1.123 0.104 
70 5.426 1.170 1.082 0.087 
75 4.396 1.076 1.037 0.074 
80 3.308 0.985 0.992 0.062 
85 2.295 0.896 0.947 0.050 
90 1.319 0.813 0.902 0.039 
95 0.490 0.730 0.854 0.026. 

100 0 0.657 0.811 0 
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(per cent. ©) 


0 
0.5 
0.75 
1.25 
2.9 
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(per cent ©) 
() 
1.522 
1.838 
2.301 
3.154 
4.472 
5.498 
6.352 
7.¢00 
8.720 


9.487 
10.036 
10.375 
10.499 
10.366 


9.952 
9.277 
8.390 
7.360 
6.224 


0.024 
3.800 
2.598 
1.484 
0.546 


0 


L.E. radius: 2.50 per cent c 


NACA 65,-021 Basic Thickness Form 


0) 

0.514 
0.607 
0.740 
(0.960 


1.186 
1.293 
1.371 
1.469 
1.533 


1.580 
1.621 
1.654 
1.680 
1.700 


1.633 
1.508 
1.397 
1.286 
1.177 


1.073 
0.970 
0.872 
0.778 
0.694 


0.616 
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c,=.0/ Upper surface 
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NACA 654 006 


L.E. radius: 0.229 per cent c 
radius: 0.014 per cent c 


Leds. 


SUA SCE NANE De TO 






x y 
(per cent c) | (per cent c) ae up Ava/V 
puareeerne) [teeta an 

0 0 9 0 4.879 

0.5 0.464 1.034 1.017 2.145 

0.75 0.563 1.043 1.021 1.763 

1.25 0.718 1.058 1.029 1.365 

2.5 0.981 1.080 1.039 0.966 

5.0 1.313 1.101 1.049 0.688 

7.5 1.591 1.112 1.055 0.562 

10 1.824 1.120 1.058 0.480 

15 2.194 1.131 1.063 0.382 

20) 2.474 1.139 1.067 0.323 

25 2.687 1.145 1.070 ().278 

30 2.842 1.149 1.072 0.246 

35 2.945 1.153 1.074 0.219 

40 2.996 1.157 1.076 0.198 

45 2.992 1.159 1.077 0.178 

50 2.925 1.157 1.076 0.161 

55 2.793 1.141 1.068 0.143 

60 2.602 1.124 1.060 0.127 

65 2.364 1.106 1.052 0.112 

70 2.087 1.083 1.041 0.099 

75 1.775 1.059 1.029 0.087 

80 1.437 1.032 1.016 0.076 

85 1.083 1.003 1.001 0.061 

90 0.727 0.973 0.986 0.047 

95 0.370 0.936 0.967 0.033 
100 0.013 0 0 0 
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L ‘ 
(per cent c) | (per cent ¢) 








0 0 


0.5 0.615 0.973 0.986 
0.75 0.746 1,001 1.000 
1.25 0.951 1.038 1.019 





2.5 1.303 1.088 1.043 















5.0 1.749 1.127 1.062 
7.9 2.120 1.145 1.070 
10 2.432 1.157 1.076 
15 2.926 1.175 1.084 


3.301 1.186 1.089 









25 3.080 1.195 1.093 
30 3.791 1.202 1.096 
30 3.928 1.207 1.099 
40 3.995 1.213 1.101 


3.988 1.217 1.103 














50 3.895 1.214 1.102 
99 3.714 = 1.191 1.091 
60 | 3.406 1.167 1.080 
65 3.135 1.139 1.067 
70 2.763 1.108 1.053 


75 2.348 1.076 1.037 
80 1.898 .,| 1.041 1.020 
85 1.430 ~| 1.002 1.001 
90 0.960 ‘| 0.961 0.980 


0.489 - 0.916 0.957 
0.018 | O 0 












L.E. radius: 0.408 per cent c 
T.E. radius: 0.020 per cent c 


NACA 65A008 Basic Thickness Form 





(per cent c) | (per cent c) 


0 
0.5 
0.75 
1.25 
2.0 


9.0 

7.5 
10 
15 
20 


25 
30 
35 
40 
45 


90 
59 
60 
65 
70 


75 
80 
85 
90 
95 


100 


0 

0.765 
0.928 
1.183 
1.623 


2.182 
2.650 
3.040 
3.658 
4.127 


4.483 
4.742 
4.912 
4.995 
4.983 


4.863 
4.632 
4.304 
3.899 
3.432 


2.912 


2.352 - 


1.771 
1.188 
0.604 


0.021 
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| 


L.E. radius: 0.639 per cent c 


Tie. radius: 0.023 per cent c 


Sicilians topensdstienst dtpeniathcp aheiepslehaiededheiinmnientinaminammaenemetendanmenaamneamansummmmmmnantetmmmmmmmemmamntitentamtnattadtieed 


an a ee 


Ave/V 


2.987 
1.878 
1.619 
1.303 
0.936 


0.679 
0.559 
0.478 
0.382 
0.323 


0.281 
0.249 
0.222 
0.198 
0.178 


0.161 
0.144 
0.127 
0.111 
0.097 


0.084 
0.071 
0.058 
0.045 
0.029 
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() 
0.0 
0.75 
1.25 
2.9 


0.0 

7.0 
10 
15 
20) 


20 
30 
30 
40 
45 


50) 
D0 
60 
65 
70 


7d 
80) 
85 
90 
95 


100 













































(per cent oe) | 


{ 


H 


() 

0.913 
1.106 
1.414 
1.942 


2.614 
3.176 
3.647 
4.392 
4.956 


5.353 
5.693 
5.897 
5.995 
5.977 


5.828 
5.044 
5.143 
4.654 
4.091 


3.467 
2.798 
2.106 
1.413 
0.719 


0.025 


(per cent ¢) | 


(n/V)° 


— | ——_—. +. —--— - 


| 


0 

0.824 
0.883 
0.969 
1.081 


1.166 
1.204 
1.228 
1.263 
1.285 


1.301 
1.313 
1.324 
1.332 
1.338 


1.329 
1.292 
1.251 
1.204 
1.156 


1.104 
1.051 
0.994 
0.936 
0.871 


0 


L.E. radius: 0.922 per cent c 
T.E. radius: 0.029 per cent c 


0.908 
0.9-10 
0.984 
1.040 


1.080 
1.097 
1.108 
1.124 
1.134 


1.141 
1.146 
1.151 
1.154 
1.157 


1.153 
1.137 
1.118 
1.097 
1.075 


1.051 
1.025 
0.997 
0.967 
0.933 


0 
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Ata/V 


2.920 

1.757 
1.543 
1.263 
0.914 


0.672 
0.557 
0.477 
0.382 
0.324 


().281 
0.250 , 
().224 
0.198 
0.178 


0.161 
0.143 
0.126 
0.111 
0.096 


0.082 
0.069 
0.057 
0.043 
0.027 


0 
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=,22 Upper surface 


7 


edad ght 

Teen | | 
Ag pat 
fy TTT TRL 


2 Lower surface 


IA | E | TT TAA 
f | | | 


1.371 
1.750 
2.412 


3.200 
3.962 
4.553 
5.488 
6.198 


6.734 
7.122 
7.376 
7,496 
7.467 


7.269 
6.903 
6.393 
5.772 
5.063 


4,282 
3.451 
2.598 
1.743 
0.887 


0.032 


L.E. 


[eves TT 


radius: 


1.446 per cent c 


TE. radius: 0.038 per cent c 


0.880 


(0.660 
0.553 
0.476 
0.382 
0.326 


0.282 
0.252 
0.227 
0.204 
0.181 


0.161 
0.142 
0.124 
0.109 
0.094 


0.080 
0.067 
0.055 
0.041 
0.026 


0 
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eee Ol Upper surface 


mo san, Ol ewer eye rce me 









(per cent wo 


— - eee = ee a ee = = ree - =~ | 
















Ele cent o (7/ 1)" r/\ Ave / J 
| 


() 0 0 () +.941 
0.5 0.461 1.052 1.026 2.000 
0.75 0.504 1.057 1.028 2.020 
1.25 0.693 1.062 1.031 1.500 
2.0 











. 1.257 1.086 ; 

7.5 1.524 1.098 1.048 0.504 
10 1.752 1.107 1.052 0.474 
15 ero 1.119 1.058 0.379 

2.401 1,128 1.062 0.320 














) 
| 

().918 1.071 1.035 0.967 
| 
| 

25 ——-2.618 1.133 1.064 


0.278 

30 2.782 1.138 1.067 0.245 
30 2.899 1.142 1.069 0.219 
40 2.971 1.145 1.070 0.197 
3.000 1.148 1.071 0.178 

















50 2.985 1.151 1.073 0.161 
30 2.925 1.153 1.074 0.145 
60 2.815 1.155 1.075 0.130 
70 2.316 1.118 1.057 0.102 











1.953 1.081 1.040 
1.543 1.040 1.020 0.075 


80 
85 1.107 0.996 0.998 0.061 
90 0.665 0.948 0.974 0.047 






0.262 0.890 0.943 
0 0.822 0.907 0 














| 
| 
| 
| 
| 
! 
65 2.611 1.154 1.074 0.116 






L.E. radius: 0.223 per cent c 
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0.735 1.023 
1.25 0.919 1.046 1.023 1.388 
2.5 1.219 1.078 1.038 0.949 


: 1.673 1.107 1.052 0.689 
7.5 2.031 1.128 1.062 0.552 












10 2.335 1.141 1.068 0.474 
15 2.826 1.158 1.076 0.379 








3.201 1.171 


3.490 1.178 
30 3.709 1.186 1.089 0.246 
35 3.865 1.191 1.091 0.220 
40 3.962 1.196 1.094 0.198 
45 4.000 1.201 1.096 0.178 


3.978 1.205 1.098 0.161 
55 3.896 1.208 1.099 0.145 
60 3.740 1.213 1.101 0.130 
65 3.459 1.202 1.096 0.115 
70 3.062 1.156 1.075 0.101 


2.574 1.103 1.050 0.087 




























80 2.027 1.048 1.024 0.073 
85 | 1.447 0.989 | 0.994 0.058 
90 | 0.864 0.926 | 0.962 0.045 
95 | 0.388 0.855 + 0.925 | 0.029 

100 | 0 | 0.768 | 0.876 0 








L.. radius: 0.411 per cent c 
NACA 66-008 Basic Thickness Form 
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52 ec a ah ce a a attic nite 
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20 


4.6 





c, 7-95 Upper sur face 









1l2re ee 
Ges ee) ST 
: [OS Upper surface 
U 
” APS 
"Ld! Aaa 
coe tpt tt tT 
4 
lo iaeidndnd Lt 
se koe ee 
0 2 4 6 a 1.0 


x/e 


Ir . 
(per cent c) | (per cent c) 


0.687 
(0.824 
1.030 
1.368 


1.880 
2.283 
2.626 
3.178 
3.601 


3.927 
4.173 
4.348 
4.457 
4.499 


4.475 
4,381 
4.204 
3.882 
3.428 


2.877 
2.263 
1.611 
0.961 
0.374 


0 


0.930 
0.999 
1.036 
1.079 


1.119 
1.142 
1.159 
1.178 
1.190 


1.201 
1.210 
1.217 
1.221 
1.228 


1.232 
1.237 
1.240 
1.230 
1.172 


1.113 
1.050 
0.985 
0.915 
0.839 


0.747 


0.964 
().999 
1.018 
1.039 


1.058 
1.069 
1.077 
1.085 
1.091 


1.096 
1.100 
1.103 
1.105 
1.108 


1.110 
1.112 
1.114 
1.109 
1.083 


1.055 
1.025 
0.992 
0.957 
0.916 


0.864 


L.E. radius: 0.530 per cent c 
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(per cent c) | (per cent c) 


ES i | TTS 









0 0 0 

0.5 0.759 0.896 
0.75 0.913 0.972 
1.25 1.141 1.023 


2.9 1.516 1.078 



























5.0 2.087 1.125 
7.9 2.936 1.154 
10 2.917 1.174 
15 3.530 1.198 


4.001 
4.363 





30 4.636 1.236 
30 4.832 1.243 
40 4.953 1.249 


9.000 
4.971 





55 4.865 1.265 
60 4.665 1.270 
65 4.302 1.250 


3.787 
3.176 





80 2.494 1.052 
85 1.773 0.979 
90 1.054 0.904 


0.408 


3795 
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Sa 
a /2 Lower surface 


S| 
ZOO TIN. 
cE sheet ahnlageede tewtce 
ebeaed | 










1.6 


sv 
















SERRE } 
4 6 6 : 


x/c 


x : y 
(per cent c) (per cent c) 
| 


w/v) | of 


0 ) () 0 









0.5 | 0.906 0.800 0.894 1.847 
0.75 1.087 0.915 0.957 1.575 
1.25: 1.358 0.980 0.990 1.237 





1.808 1.073 1.036 0.913 























5.0 2.496 1.138 1.067 
7.5 | 3.037 1.177 1.085 0.549 
10 ' 3.496 1.204 1.097 0.473 
4.801 1,259 1.122 0.323 
25 5.238 1.275 1.129 ().280 
30 5.568 1.287 1.134 0.246 
35 
40 5.947 1.303 1.142 0.197 








6.000 1.311 1.145 








5.803 1.297 1.139 0,221 










50 5.965 1.318 1.148 0.162 
55 5.836 1.323 1.150 0.147 
60 5.588 1.331 1.154 0.132 
65 5.139 1.302 1.141 § 0,118 
70 4.515 1.221 1.105 0.098 


15 4.234 1.237 1112 0.380 
| 
| 




























| 
75 3.767 1.139 1.067 0.084 
80 2.944 1.053 1.026 0.069 
85 2.083 0.968 0.984 — 0.053 
90 1.234 0.879 0.938 0.040 
0.474 0.788 0.888 0.031 
0 0.687 0.829 0 






L.E. radius: 0.952 per cent c 


x 


0 
0.5 
0.75 


(per cent c) | (per cent c) 


0 

1.122 
1.343 
1.675 
2.239 


3.100 
3.781 
4.358 
5.286 
5.995 


6.543 
6.956 
7.250 
7.430 
7.495 


7.450 
7.283 
6.959 
6.372 
5.076 


4.632 
3.998 
2.530 
1.489 
0.566 


0 
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(v/V)? 


0 

0.760 
0.840 
0.929 
1.055 


1.163 
1.208 
1.242 
1.288 
1.317 


1.340 
1.356 
1.370 
1.380 
1.391 


1.401 
1.411 
1.420 
1.367 
1.260 


1.156 
1.053 
0.949 
0.847 
0.744 


0.639 


| A | 
| |B 


0 

0.872 
0.916 
0.964 
1.027 


1.078 
1.099 
1.114 
1.134 
1.148 


1.158 
1.164 
1.170 
1.175 
1.179 


1.184 
1.188 
1.192 
1.169 
1.122 


1.075 
1.026 
0.974 
0.920 
0.863 


ett 
es 


( ATPL 


J ze 


A 


Ay 
LV | 


| 
3 
| 
| 
: 


0.799 | 0 


L.E. radius: 1.435 per cent c 









2.139 
1.652 
1.431 
1.172 
0.895 


0.663 
0.547 
0.473 
0.381 
0.322 


0.280 
0.248 
0.222 
0.200 
0.180 


0.163 
0.146 
0.131 
0.113 
0.096 


0.080 
0.065 
0.051 
0.039 
Q,025 
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Ac het ten | 


[lA es 
AHA] | TEEN 
ia EER 


(per cent c) | (per cent c) 


a fil ey yy SSS a LE Pe 


0 0 

0.5 

0.75 ; 0.857 
0.897 

2.5 ; 1.002 


1.074 
1.111 
1.134 
1.162 
1.180 


1.193 
1.202 
1.210 
1.217 
1.223 


1.228 
1.234 
1.238 
1.199 
1.141 


1.083 
1.022 
0.950 
0.896 
0.832 


0.766 
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bE natal cement endl ener nt Cee 


— 


\r 





1.804 
2.240 
3.045 


4.269 
5.233 
6.052 
7.369 
8.376 


9.153 
9.738 
10.154 
10.407 
10.500 


10.434 
10.186 
9.692 
8.793 
7.610 


6.251 
4.796 
3.024 
1.924 
0.717 


0 


ee ead 
Per TENT 
TFET LINE 
7 Atetoet NC 
PAT TN 
ML TT ee PK 
em tty 
eet tT tas 
SEECE LEP 


0.797 
0.869 
0.976 


1.069 
1.116 
1.148 


1.185, 


1.208 


1.224 
1.236 
1.245 
1.255 
1.263 


1.269 
1.276 
1.284 
1.228 
1.155 


1.084 
1.015 
0.944 
0.873 
0.805 


0.734 


LL.E. radius: 2.550 per cent c 


Af*4 C70 


V1 


De 2 ee 
as “@ ae . 









0.635 
().542 
0.472 
0.381 
0.324 


0.283 
0.251 
0.224 
0.202 
0.183 


0.165 
0.148 
0.132 
0.114 
0.093 


0.073 
0.058 
0.046 
0.034 
0.020 


0 





379 


380 


(per cent ¢) 


0 
0.5 
0.75 
1.25 
2.9 


— 





(per cent ¢) 


i 


0 

1.167 
1.394 
1.764 
2.395 
3.240 
3.900 


4433 


5.283 
5.940 


6.454 
6.854 
7.155 
7.309 
7.475 


7.497 
7.421 
7.231 
6.905 
6.402 


5.621 
4.540 
3.327 
2.021 
0.788 


0 








(v/V)° 


0 

0.650 
0.970 
1.059 
1.140 


1.209 
1.239 
1.259 
1.285 
1.304 


1.318 
1.330 
1.341 
1.351 
1.360 


1.368 
1.379 
1.381 
1.388 
1.390 


1.321 
1.176 
1.018 
0.864 
0.712 


0.570 





L.E. radius: 1.523 per cent c 
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0.806 
0.985 
1.029 
1.068 


1.100 
1.113 
1.122 
1.134 
1.142 


1.148 
1.153 
1.158 
1.162 
1.166 


1.170 
1.173 
1.175 
1.178 
1.179 


1.149 
1.084 
1.009 
0.930 
0.844 


0.755 
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Avea/ V 


2.042 
1.560 
1.370 
1.152 
0.906 
0.667 
0.548 
0.470 
0.370 
0.312 


0.276 
0.248 
0.221 
0.201 
0.180 


0.160 
0.142 
0.124 
0.111 
0.108 


0.094 
0.071 
0.060 
0.045 
0.025 


0 


soe amare sameeren ET es ot 





1.2 


\° 


<I< 


L 
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= .22 Upper surface ae 


= 
(ae 


(per cent c) | (per cent c) 


0 
0.5 
0.75 
1.25 
2.9 


5.0 

7.5 
10 
15 
20 


25 
30 
35 
40 
45 
o0 
55 
60 
65 
70 


75 
80 
85 
90 
95 


LOO 





0 

1.199 
1.435 
1.801 
2.462 


3.419 
4.143 
4.743 
0.684 
6.384 


6.898 
7.253 
7.454 
7.494 
7.316 


7.003 
6.084 
6.064 
5.449 
4.738 


3.921 
3.020 
2.086 
1.193 
0.443 


0 






0 

0.660 
0.799 
0.942 
1.100 


1.201 
1.259 
1.295 
1.339 


1.369 


1.390 
1.409 
1.423 
1.435 
1.391 


1.348 
1.306 
1.265 
1.221 
1.178 


1.115 
1.027 
0.938 
0.852 
0.774 


0.703 


ao 


et 
OEE 
Pd 
2 


2.028 


Ava/V 


1.680 
1.560 
1.325 
0.990 


0.695 
0.551 
0.465 
0.383 
0.324 


0.283 
0.252 
0.224 
0.199 
0.176 


0.156 
0.138 
0.122 
0.108 
0.093 


0.079 
0.065 
0.052 
0.040 
0.028 


0.018 
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1, = 0.90 a =2.81° em, = — 0.113 


L | Ye : 
(per cent c) | (per cent c) dye/dx Pr Av/V = Ppr/4 


() | 0 0.60000 0 
1.25 | 0.726 0.56250 

2.5 1.406 0.52500 

5.0 2.625 0.45000 

7.5 3.656 0.37500 


10 4.500 0.30000 
15 5.625 0.15000 
20 6.000 0 

25 5.977 — 0.00938 
30 | §.906 | — 0.01875 


40) | §.625 — 0.03750 
5.156 — 0.05625 
4.500 — 0.07500 
3.656 — 0.09375 
2.625 — 0.11250 


1.406 — 0.13125 
0.727 — 0.14062 
' — 0.15000 





Data for NACA Mean Line 62 
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= ().80 Qj 


2 ef retrieve 


We 
" dy-/dx 
(per cent c) | (per cent c) Yo/ 


0 0.40000 
0.489 0.38333 
0.958 0.36667 
1.833 0.33333 
2.625 0.30000 


3.000 0.26667 
4.500 0.20000 
5.333 0.13333 
0.833 0.06667 
6.000 0 


5.878 — 0.02449 
5.010 — 0.04898 
4.898 — 0.07347 
4.041 — 0.09796 
2.939 — 0.12245 


1.592 — 0.14694 
0.827 . = 0.15918 
0 = 0.17148 





Data for NACA Mean Line 63 


x 


(per cent c) 


0 


1.25 
2. 
5.0 
oO 


—_ 


( 


10 
15 
20 
25 
30 


hs: hn rere re a RR A AR 
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mean line 


o 





a 


Ci; = 0.76 


Ye 


(per cent c) 


0 

0.369 
0.726 
1.406 
2.039 


2.625 
3.656 
4.500 
5.156 
5.625 


6.000 
5.833 


5.333 


4.500 
3.333 


1.833 
0.958 
0 











Data for NACA Mean Line 64 


ek 
| 
4 ; L0 
x/c 
ay = 0.74° Cm./, soe 0.157 
dy./dx Pr Av/V = Ppr/4 
0.30000 0 0 
0.29062 0.257 0.064 
0.28125 0.391 0.098 
0.26250 0.546 0.137 
0.24375 0.668 0.167 
0.22500 0.748 0.187 
0.18750 0.871 0.218 
0.15000 0.966 0.242 
0.11250 1.030 0.258 
0.07500 1.040 0.260 
0 0.999 0.250 
— 0.03333 0.910 0.228 
— 0.06667 0.827 0.207 
— 0.10000 0.750 0.188 
— 0.13333 0.635 0.159 
— 0.16667 0.466 0.117 
— 0.18333 0.334 0.084 
— 0.20000 0 0 


385 


386 


I 


(per cent c) | (per cent c) 


tp 


100 
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Ct“ = 0.75 


Ye 


0 

0.296 
0.585 
1.140 
1.665 


2.160 
3.060 
3.840 
4.500 
5.040 


5.760 
6.000 
5.760 
5.040 
3.840 


2.160 
1.140 
0 
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a; = 0° 


dy./dx 


0.24000 
0.23400 
0.22800 
0.21600 
0.20400 


0.19200 
0.16800 
0.14400 
0.12000 
0.09600 


0.04800 
0 


— 0.04800 
— 0.09600 
— 0.14400 


— 0.19200 
— 0.21600 
— 0.24000 


Ome, ~~ 





— 0.187 


Pr 


0 

0.205 
0.294 
0.413 
0.502 


0.571 
0.679 
0.760 
0.824 
0.872 


0.932 
0.951 
0.932 
0.872 
0.760 


0.571 
0.413 
0 


Data for NACA Mean Line 65 





0 

0.051 
0.074 
0.1038 
0.126 


0.143 
0.170 
0.190 
0.206 
0.218 


0.233 
0.238 
0.233 
0.218 
0.190 


0.143 
0.103 


Av/V = PR/4 
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NACA 66 
meon line 





Data for NACA Mean Line 66 


ee ee ee 
nak ecdhenee iad 
0 a 4 6 82 40 
: x/c 
cy, = 0.76 a; = — 0.74° Cn,/, = — 0.222 
eZ dy./dx P Av/V = Pr/4 
(per cent c) | (per cent c) Ye a oe. ene 
0 0 0.20000 0 0 
1.25 0.247 0.19583 0.135 0.034 
2.5 0.490 0.19167 0.244 0.061 
5.0 0.958 0.18333 01.334 0.084 
"7.5 1.406 0.17500 0.408 0.102 
10 1.833 0.16667 0.466 0.117 
15 2.625 0.15000 0.557 0.139 
20 3.333 0.13333 0.635 0.159 
25 3.958 0.11667 0.700 0.175 
30 4.500 0.10000 0.750 0.188 
40) 5.333 0.06667 0.827 0.207 
50 5.833 0.03333 0.910 0.228 
60 6.000 0. 0.999 0.250 
70 5.625 — 0.07500 1.040 0.260 
80 4.500 — 0.15000 0.966 0.242 
90 2.625 — 0.22500 | 0.748 0.187 
95 1.406 | — 0.26250 | 0.546 0.137 
100 0 — 0.30000 0 0 
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NACA 67 
mean line 


= 0.80 a= —1.60° — cn,y, = — 0.266 


& Ye 
(per cent c) | (per cent c) dy-/dx 


Av/V = PR/4 


0.212 
0.421 
0.827 
1.217 


1.592 
2.296 
2.939 
3.520 
4.041 


4.898 
5.510 
5.878 
6.000 


0.17143 
0.16837 
0.16531 
0.15918 
0.15306 


0.14694 
0.13469 
0.12245 
0.11020 
0.09796 


0.07347 
0.04898 
0.02449 
0 


0 


5.333 — 0.13333 


3.300 — 0.26667 
1.833 — 0.33333 
QO — 0.40000 


Data for NACA Mean Line 67 
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Ci; = 0.30 ay 


x Ye 
(per cent c) | (per cent c) 


0.59613 0 
0.596 0.36236 
0.928 0.18504 
1.114 — 0.00018 
1.087 


1.058 
0.999 
0.940 
0.881 
0.823 


0.705 
0.588 
0.470 
0.353 
0.235 


0.118 
0.059 
0 


— 0.01175 





Data for NACA Mean Line 210 
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20 
Pr 
10 
see 
Edad ahedhagatcboskeel 
EEE??? | ttt 


1.0 





2 4 6 8 
x/C 


: | / 


c, = 0.30 a: = 1.86% — em_y, = — 0.010 


ae a er Se SP a 


| | 
- Ye | - 
(per cent Cc) (per cent c) dy-/dx Pr Av/V = Pp/4 


cg eee reer + tei "i EE I Ae I 


0 0 (1.39270 0 
1.25 0.442 0.31541 
2.0 0.793 0.24618 
9.0 1.257 0.13192 
1.479 0.04994 


1.535 0.00024 
1.463 


1.377 
1.291 
1.205 


1.033 
0.861 
0.689 
0.516 
0.344 


0.172 
0.086 
0 


— 0.01722 





Data for NACA Mean Line 220 


eileen i ebnpemetelie 


x 
(per cent c) 


50 


70 


90 


100 


Ci; — 0.30 


Ye 


(per cent c) 


PPP Pr i re ene > ff =n rR Ds SS yy yp fer 


0) 

0.357 
0.666 
1.155 
1.492 


1.701 
1.838 
1.767 
1.656 
1.546 


1.325 
1.104 
0.883 
0.662 
0.442 


0.221 
0.110 
0 
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a; = 1.65° 
dy./dx Pr 

0.30508 0 
0.26594 0.528 
0.22929 0.673 
0.16347 0.791 
0.10762 ().853 
0.06174 0.859 
— J.00009 0.678 
— 0.02203 0.519 
0.419 
0.361 
().274 
0.217 
0.177 
— 0.02208 0.144 
0.105 
().069 
0.042 

: 0 


Data for NACA Mean Line 230 


0 

0.132 
0.168 
0.198 
0.213 


0.215 
0.170 
0.130 
0.105 
0.090 


0.069 
0.054 
0.044 
0.036 
0.026 


0.017 
0.011 


391 


392 : | THEORY OF WING SECTIONS 


NACA 240 
Mean line 


2 Ye 
(per cent c) | (per cent c) 


| 
dy./ax Pr _ Av/V = PR/4 
| 


0.25233 
0.301 0.22877 
0.572 0.20625 
1.035 0.16432 
1.397 0.12653 


1.671 0.09290 
1.991 0.03810 
2.079 — 0.00010 
2.018 — 0.02169 
1.890 


1.620 
1.350 
1.080 
0.810 
0.540 


0.270 
0.135 
0 





Data for NACA Mean Line 240 
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NACA 250 
meon line 








I 





























Ci; = 0.30 


Ye 


(per cent c) | (per cent c) 


0 

0.258 
0.498 
0.922 
1.277 


1.570 
1.982 
2.199 
2.263 
2.212 


1.931 
1.609 
1.287 
0.965 
0.644 


0.322 
0.161 
0 


Data for NACA Mean Line 250 





















ai = 1.26° tn, = — 0.026 
el alee 
dye/dx | Pr Av/V = Pp/4 
0.21472 0 Q 
0.19920 ! 0.281 0.070 
0.18416 | 0.369 0.092 
0.15562 : 0.477 0.119 
0.12909 0.552 0.138 
0.10458 0.592 0.148 
().06162 0.624 0.156 
0.02674 0.610 0.153 
— 0.00007 0.547 0.137 
— 0.01880 0.470 0.117 
0.346 0.087 
0.255 0.064 
0.197 0.049 
0.154 0.038 
— 9.03218 |g 149 0.030 
0.076 0.019 
0.051 0.013 
0 Q 
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CLE TTT 
SECC 

COCs 
COCO REL 
COCeC ers 
weg 11 I 





















a; = 4.56° 


Cme/ 4 = 


— 


- Ye dy./dz Pp | Av/V = Pp/4 


rr emnenss | SEAS CASS | MSS 


0) () : 
0.5 ().460 0.75867 1.990 0,498 
0.75 0.641 0.69212 1.985 0.496 
1.25 0.964 0.60715 1.975 0.494 


1.641 0.48892 1.950 0.488 








5.0 2.693 0.36561 1.900 0.475 
7.9 3.507 0.29028 1.850 0.463 
10 4.161 0.23515 1.800 0.450 
15 5.124 0.15508 1.700 0.425 


5.747 0.09693 1.600 © 0.400 
25 6.114 0.05156 1.500 0.375 







30 6.277 0.01482 1.400 0.350 
35 6.273 — 0.01554 1.300 0.325 
40 6.130 — 0.04086 1.200 0.300 










5.871 — 0.06201. 1.100 0.275 





50 5.516 — 0.07958 1.000 0.250 
55 5.081 — 0.09395 0.900 0.225 
60 4.581 — 0.10539 0.800 0.200 
65 4.032 — 0.11406 0.700 0.175 


3.445 — 0.12003 0.600 0.150 













75 2.836 — 0.12329 0.500 0.125 
80 2.217 — 0.12371 0.400 0.100 
85 1.604 — 0.12099 0.300 0.075 
90 1.013 — 0.11455 0.200 0.050 


0.467 — 0.10301 0.100 0.025 
0 — 0.07958 0 0 









Data for NACA Mean Line a = 0 


x 


(per cent c) | (per cent c) 


0 
0.5 
0.75 
1.25 
2.5 


5.0 

7.5 
10 
15 
20 


20 
30 
30 
+0 
+5 


50 
55 
60 
65 
70 


15 
80 
85 
90 
95 


100 





Cl, = 1.0 


Ye 


0 

0.440 
0.616 
0.933 
1.608 


2.689 
3.901 
4.253 
5.261 
5.905 


6.282 
6.449 
6.443 
6.296 
6.029 


5.664 
5.218 
4.706 
4.142 
3.041 


2.916 
2.281 
1.652 
1.045 
0.482 


Q) 


at ee od 


a; = 4.43° 


dy./dx 





0.73441 
0.67479 
0.59896 
0.49366 


0.38235 
0.31067 
0.25057 
0.16087 
0.0998 1 


0.05231 
0.01498 


— 0.01617 
— 0.04210 
— ().06373 


— ().08168 
— (1.09637 
— 0.10806 
— 0.11694 
— 0.12307 


— 0.12644 
— 0.12693 
— 0.12425 
— 0.11781 
— 0.10620 


— ().08258 


Cma/, = 0.086 


ns 
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Pr 


L.717 
1.616 


1.515 
1.414 
1.313 
1.212 
L.111 


1.010 
0.909 
0.808 
0.707 
0.606 


0.505 
0.404 
0.303 
0.202 
0.101 





Av/V = Pr/4 


0.455 


0.429 
0.404 


0.379 
0.354 
0.328 
0.303 
0.278 


0.253 
0.227 
0.202 
0.177 
0.152 


0.126 
0.101 
0.076 
0.050 
0.025 
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NACA aeO2 
mean line 





4 6 & 10 


x/c 


ai = 4.17° em, = — 0.094 


x | Ye 


. 
(per cent ¢) | (per cent ¢) dye/dx Pr 


Av/V = PR/4 


0 : () 


0.5 
0.75 


2.9 





0.414 
0.581 
0.882 
1.530 


2.083 
3.443 
4.169 
5.317 
6.117 


6.572 


6.777 


0.69492 
0.64047 
0.57135 
0.47592 


0.37661 
0.31487 
0.26803 
0.19373 
0.12405 


0.06345 
0.02030 


6.789 — 0.01418 
6.646 — 0.04246 
6.373 — 0.06588 


5.994 — 0.08522 
5.527 — 0.10101 
4.989 — 0.11359 
4.396 — 0.12317 
3.762 — 0.12985 


3.102 — 0.13363 
2.431 — 0.13440 
1.764 — 0.13186 
1.119 — 0.12541 
0.518 — 0.11361 


0 — 0.08941 





Data for NACA Mean Line a = 0.2, 


seer vagy 
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2o 
Pz 
LO 
0 
SSetane See 
% 2 
saa e Ree eS 
etd 7 | 
Lae rt 
QO 2 LO 
xfe 
ci; = 1.0 a; = 3.84° Cm,/, = — 0.106 
e Ye dy./dx P Av/V = Pp/4 
(per cent c) | (per cent c) Ye - eee 
0 | 9 
0.5 0.389 0.65536 
0.75 0.546 0.60524 
1.25 (1.832 0.54158 
2.5 1.448 0.45399 
5.0 2.458 0.36344 
7.5 3.293 0.30780 1.538 0.385 
10 4.008 0.26621 
15 5.172 0.20246 
2() 6.052 0.15068 
25 6.685 0.10278 
30 7.072 0.04833 
35 7.175 — 0.00205 | 1.429 0.357 
40) 7.074 — 0.03710 | 1.319 0.330 
45 6.816 — 0.06492 | 1.209 0.302 
50 | 6.433 — 0.08746 1.099 0.275 
55 5.949 — 0.10567 0,989 0,247 
60 5.383 | —0.12014 | 0.879 0.220 
65 4.753 | ~— 0.13119 | 0.769 0.192 
70 4.076 | —0.13901 | 0.659 0.165 
: | 
75 3.368 | ~ 0.14385 | 0.549 0.137 
80 2.645 | — 0.14500 0.440 0.110 
85 1.924 ~ 0.14279 | 0.330 0.082 
90 1.224 — 0.13638 | 0.220 0.055 
95 0.570 — 0.12430 ° 0.110 | 0.028 
| 
100 =| | -0.09907 , 0 = 0 


Data for NACA Mean Line a = 0.3 
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: co 
i = 







= 3.46° Cn j, = — 0.121 


(per cent c) | (per eat c) dye/dx Pr Av/V = PR/4 


0 () 


0.5 
0.75 
1.25 


().366 
0.514 
0.784 
1.367 


2.330 
3.131 
3.824 
4.968 
0.862 


6.546 


0.61759 
0.57105 
0.51210 
0.43106 


0.34764 
0.29671 
0.25892 
0.20185 
0.15682 


0.11733 


| 


7.039 0.07988 
7.343 0.04136 
7.439 — 0.00721 
7.279 — 0.05321 


6.929 — 0.08380 
6.449 — 0.10734 
5.864 — 0.12567 
5.199 — 0.13962 
4.478 — 0.14963 


3.709 — 0.15589 
2.922 — 0.15837 
2.132 (| — 0.156838 
1.361 — 0.15062 
0.636 — 0.13816 


0 — 0.11138 





Data for NACA Mean Line a = 0.4 


i NG a a 
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NACA az=O05§ 
mean line 



















ci, = 1.0 a; = 3.04° Cm.., = — 0.1389 


c/4 


(per cent c) | (per cent c) dye/da Pr Av/V = PR/4 


i | TT pss wharf 











0.5 0.345 0.58195 
0.75 0.485 0.53855 
1.25 0.735 0.48360 


1.295 0.40815 


2.2005 0.33070 
7.5 2.970 0.28365 | 




















10 3.630 0.24890 
15 4.740 0.19690 
§.620 


1.333 0.333 
0.15650 





290 6.310 0.12180 
30 6.840 0.09000 
35 7.215 0.05930 
40 7.430 0.02800 


7.490 — 0.00630 













7.300 — 0.05305 
55 6.965 — 0.09765 | 1.200 0.300 
60 6.405 — 0.12550 | 1.067 0.267 
65 5.725 — 0.14570 0.933 0.233 


4.955 
4.130 


— 0.16015 
— 0.16960 








80 3.265 — 0.17435 | 0.533 0.133 
85 2.395 — 0.17415 | 0.400 0.100 
90 1.535 | — 0.16850 | 0.267 0.067 
95 | 0.720 | — 0.15565 |§ 0.133 0.033 
100 20 = 0.12660 0 0 





Data for NACA Mean Line a = 0.5 
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LC 


Cl; = 1.0 Cm./, ae 0.158 


| 
Ye Lichis P 
(per cent c) | (per cent c) ete . 


a; = 2.58° 


SS rr et te ey 
. = wid 


Av/V = PR/A 


0 0 


0.5 
0.75 


2.9 


0.325 


0.455 
0.695 
1.220 


2.080 
2.805 
3.435 
4.495 
5.345 


6.035 
6.570 
6.965 
7.230 
7.370 


7.370 
7.220 
6.880 
6.275 
5.505 


4.630 
3.695 
2.720 
1.755 
0.825 


0 


0.54825 
0.50760 
0.45615 
0.38555 


0.31325 
0.26950 
0.23730 
0.18935 
0.15250 


0.12125 
0.09310 
0.06660 
0.04060 
0.01405 


— 0.01435 
— 0.04700 
— 0.09470 
— 0.14015 
— 0.16595 


— 0.18270 
— 0.19225 
— 0.19515 
— 0.19095 
— 0.17790 


— 0.14550 


0.312 
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NACA a=Q7 
mean fine 











| cy, = 1.0 a; = 2.09° Cn. /, = — 0.179 
x Ye 
(per cent c) | (per cent c) dy</dax Pe do/V = Pa/4 

0 0 

0.5 0.305 0.51620 

0.75 0.425 0.47795 

1.25 0.655 0.42960 

2.5 1.160 0.36325 

5.0) 1.955 0.29545 

7.5 2.645 0.25450 

10° 3.240 0.22445 
15 4.245 0.17995 
20 5.060 -0.14595 
25 5.715 0.11740 1.176 0.294 
30 6.240 0.09200 
35 6.635 0.06840 || 
40 6.925 0.04570 | | 
45 7.095 0.02315 | | 
50 7.155 0 | 
55 7.090 — 0.02455 
60 6.900 — 0.05185 
65 6.565 — 0.08475 
70 6.030 ~ 0.13650 | 
75 5.205 — 0.18510 | 0.980 | 0.245 
80 4.215 — 0.20855 0.784 0.196 
85 "3.140 — 0.21955 0.588 0.147 
90 | 2.035 — 0.21960 . 0.392 0.098 
95 0.965 — (0.20725 0.196 0.049 


100 | 0) — 0.16985 () 0 
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ERR 
pitty te 
 othais odimntbie tanto: 4. 
PTET TT TIN 
pity tT pT TIN 
pt pt 


NACA ax08 





20 







LO-—— 






tot Lf ot 
eo ieck keel 


c, = 1.0 a; = 1.54° Cme/y * = — (), ae 


oe eee wae — - a — some ee ree 


dye /dx Pp Ar/V = Pp/4 


(per cent c) | (per cent c) 


~— ama mT: ei emieiberver is oo mer. + 8 Ne 


0 0 
0.5 0.287 0.48535 
0.75 0.404 0.44925 


1.25 
2.9 


0.0 
7.5 


0.616 
1.077 


1.841 
2.483 
3.043 
3.985 
4.748 


5.367 
5.863 
6.248 
6.528 
6.709 


6.790 


0.40359 
0.34104 


0.27718 
0.23868 
0.21050 
0.16892 
0.13734 


0.11101 
0.08775 
0.06634 
0.04601 
0.02613 


0.00620 


0.278 


6.770 — 0.01433 
6.644 — 0.03611 
6.405 — 0.06010 
6.037 — (0.08790 


0.014 — 0.12311 
4.771 — 0.18412 
3.683 — 0.23921 - 
2.435 — 0.25583 
1.163 — 0.24904 


0 — 0.20385 
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ACA a= 0.8 (modified) 
mean line 

















Jc 
C i 
0 ce 4 .6 8 1.0 
x/¢ 


c= 1.0 a = 140° em, = 0.219 


if me _ 
(per cent c) | (per cent c) Pr Av/V = Pr/4 


i fr aha - eyraeree ceeiteepet 


0.281 0.47539 
0.396 0.44004 
0.603 0.39531 
1.055 0.33404 


1.803 0.27149 
2.432 0.23378 
2.981 0.20618 
3.903 0.16546 
4.651 0.13452 


9.207 0.10873 
5.742 0.08595 
6.120 0.06498 
6.394 0.04507 
6.571 0.02559 


6.651 0.00607 
6.631 — 0.01404 
6.508 — 0.03537 
6.274 — 0.05887 
5.913 — 0.08610 


0.401 — 0.12058 
4.673 — 0.18034 
3.607 — 0.23430 
2.492 — 0.24521 
1.226 — 0.24521 


0 — 0.24521 





Data for NACA Mean Line a = 0.8 (modified) 
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(per cent c) | (per cent c) 


Pp 


L 


10 


Ci; = 1.0 


Ye 


0.269 
0.379 
0.577 
1.008 


1.720 
2.316 
2.835 
3.707 
4.410 


4.980 


5.439 
5.787 
6.045 
6.212 


6.290 


a; = ().80° 


0.45482 
0.42064 
0.37740 
0.31821 


0.25786 
0.22153 
0.19500 
0.15595 
0.12644 


0.10196 
0.08047 
0.06084 
0.04234 
0.02447 


0.00678 
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Cm), = — 0.225 


4 


Pr 


Av/V = 





Pr/t 


6.279 
6.178 
5.981 
5.681 


5.265 
4.714 
3.987 


— 0.01111 
— 0.02965 
— 0.04938 
— 0.07103 


— 0.09583 
— 0.12605 
— 0.16727 
2.984 — 0.25204 
1.503 — 0.31463 0.526 


0 — 0.26086 0 





Data for NACA Mean Line a = 0.9 
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tie 








x Ye — - 
(per cent c) | (per cent c) dye/dx Pr Av/V = Pr/4 
0 | 0 : 
0.5 | 0.250 0.42129 | 
0.75 0.350 0.38875 7 
1.25 0.535 0.34770 | 
2.5 0.930 0.29155 | 
5.0 1.580 0.23430 
7.5 2.120 0.19995 
10 2.585 0.17485 
15 3.365 0.13805 | 
20 3.980 0.11030 | \ 
25 4.475 0.08745 
30 4.860 0.06745 
35 5.150 0.04925 
40 5.355 0.03225 { 1O¥0 e200 
45 5.475 0.01595 : 
| 
50 | «5.515 0 i 
55 5.475 — 0.01595 
60 5.355 — 0.03225 | 
65 5.150 — 0.04925 
70 4.860 — 0.06745 | 
75 4.475 — 0.08745 I 
80 3.980 — 0.11030 i‘ 
85 | 3.365 — 0.13805 | | 
90) 2,585 | — (0.17485 
95 1580 — 0.23430 | 
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NACA Designation 


64-210 . 
64-112. 
64-212. 
64-412. 
64-215. 
645-415. 
645-218. 
64;-418. 
645-618. 
644-221. 
645-421. 
64A210 
64A410 
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NACA 23024 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


Station 


0 

0.277 
1.331 
3.893 
6.601 


9.423 
15.001 
20.253 
25.262 
30.265 


40.256 
90.235 
60.202 
70.162 
80.116 


90.064 
95.036 
100 


L.E. radius: 6.33 


0 
4.017 
5.764 
8.172 
9.844 


11.049 
12.528 
13.237 
13.535 
13.546 


12.928 
11.690 
10.008 
7.988 
5.687 


3.115 


APPENDIX III 


Lower surface 


0 

2.223 
3.669 
6.147 
8.399 


10.577 
14.999 
19.747 
24.738 
29.735 


39.744 
49.766 
59.798 
69.838 
79.884 


89.936 
94.964 


Ordinate | Station | Ordinate 


0 
— 3.303 
— 4.432 
— 5.862 
— 6.860 


— 7.647 
— 8.852 
— 9.703 
— 10.223 
— 10.454 


— 10.278 
— 9.482 
— 8.242 
— 6.664 
— 4,803 


— 2.673 
— 1.504 
0 


Slope of radius through L.E.: 0.305 
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NACA 63-206 


(Stations and ordinates given in 


Upper Surface 


0 
458 
103 

1.197 

2.438 


4.932 
7.429 
9.930 
14.934 
19.941 


24.950 
29.960 
34.970 
39.981 
44.991 


50.000 
55.008 
60.015 
65.020 
70.023 


75.023 
80.022 
85.019 
90.013 
95.006 


100.000 


percent of airfoil chord) 


Lower Surface 


Station | Ordinate | Station | Ordinate 


L.E. radius: 0.297 





Slope of radius through L.E.: 0.0842 
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NACA 68-209 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface Lower surface 


Station | Ordinate | Station | Ordinate 


0 0 0 0 

0.486 | 0.796 0.563 | — 0.696 
0.680 | 0.973 0.820 | — 0.833 
1.170) 1.255 1.330 | — 1.041 
2.408 | 1.765 2.592 | — 1.393 


4.897 | 2.510 5.103 | — 1.878 
7.394 | 3.077 7.606 | — 2.229 
9.894 | 3.539 10.106 | — 2.505 
14.901 | 4.263 15.099 | — 2.917 
19.912 | 4.792 20.088 | — 3.200 


24.925 | 5.169 25.075 | — 3.379 
29.940 | 5.414 30.060 | — 3.470 
34.956 | 5.530 35.044 | — 3.470 
39.971 | 5.518 40.029 | — 3.376 
44.986 | 5.391 45.014 | — 3.201 


50.000 | 5.159 50.000 | — 2.9538 
55.012 | 4.834 54.988 | — 2.644 
60.022 | 4.429 59.978 | — 2.287 
65.029 | 3.958 64.971 | — 1.898 
70.033 | 3.430 69.967 | — 1.486 


75.034 | 2.861 74.966 | — 1.071 
80.032 | 2.267 79.968 | — 0.675 
85.027 | 1.663 84.973 | — 0.317 
90.019 | 1.067 89.981 | — 0.033 
95.009 | 0.512 94.991 0.120 


100.000 | 0 100.000 0 





L.E. radius: 0.631 
Slope of radius through L.E.: 0.0842 


NACA 638-210 


(Stations and ordinates given in 
per cent of airfoil chord) 












Upper surface Lower surface 


Station | Ordinate | Station | Ordinate 
0 0 0 Q 
0.430 | 0.876 0.570 | — 0.776 
0.669 1.107 0.831 | — 0.967 


1.162 1.379 1.3388 | — 1.165 
2.398 | 1.939 2.602 | — 1.567 


4.886 | 2.753 5.114 | — 2.121 
7.382 | 3.372 7.618 | — 2.524 
9.882 | 3.877 10.118 | — 2.843 
14.890 | 4.665 15.110 | — 3.319 
19.902 | 5.240 20.098 | — 3.648 


24.917 | 5.647 25.083 | — 3.857 
29.933 | 5.910 30.067 | — 3.966 
34.951 6.030 35.049 | — 3.970 
39.968 | 6.009 40.0382 | — 3.867 
44.985 | 5.861 45.015 | — 3.671 


50.000 |} 5.599 50.000 | — 3.393 
55.018 | 5.235 54.987 | — 3.045 
60.024 | 4.786 59.976 | — 2.644 
65.032 | 4.264 64.968 | — 2.204 
70.036 | 3.684 69.964 | — 1.740 


75.038 | 3.061 74.962 | — 1.271 
80.036 | 2.414 79.964 | — 0.822 
85.030 | 1.761 84.970 | — 0.415 
90.021 1.121 89.979 | — 0.087 
95.010 |; 0.530 94.990 0.102 


100.000 | 0 100.000 0 




































































L.E. radius: 0.770 
Slope of radius through L.E.: 0.0842 


APPENDIX III 417 


NACA 63:-212 NACA 63,-412 
(Stations and ordinates given in (Stations and ordinates given in 
per cent of airfoil chord) per cent of airfoil chord) 


Upper surface Lower surface Upper surface Lower surface 


Station | Ordinate} Station | Ordinate Station | Ordinate | Station | Ordinate 


0 0 0 0 0 0 0 QO 
0.417 | 1.0382 0.583 | — 0.932 0.336 1.071 0.664 | — 0.871 
0.657 | 1.260 0.843 | — 1.120 0.567 | 1.320 0.933 | — 1.040 | 
1.145 1.622 1.355 |; — 1.408 1.041 1.719 1.459 | — 1.291 
2.378 | 2.284 2.622 | — 1.912 2.257 | 2.460 2.743 | — 1.716 


4.863 | 3.238 5.137 | — 2.606 4.727 | 3.544 5.273 | — 2.280 
7.358 | 3.963 7.642 | — 3.115 7.218 | 4.379 7.782 | — 2.685 
9.859 | 4.554 10.141 | — 3.520 9.718 | 5.063 10.282 | — 2.995 
14.868 | 5.470 15.1382 | — 4.124 14.735 |; 6.138 15.265 | — 3.446 
19.882 | 6.137 20.118 | — 4.545 19.765 | 6.929 20.285 | — 3.745 


24.900 6.606 25.100 | — 4.816 24.800 | 7.499 25.200 | — 3.919 
29.920 | 6.901 30.080 | — 4.957 29.840 | 7.872 30.160 | — 3.984 
34.941 7.030 35.059 | — 4.970 34.882 | 8.059 39.118 | — 3.9389 
39.962 | 6.991 40.038 | — 4.849 }. 39.924 | 8.062 40.076 | — 3.778 
44.982 | 6.799 45.018 | — 4.609 44.964 7.894 45.036 | — 3.514 


50.000 | 6.473 50.000 | — 4.267 50.000 | 7.576 50.000 | — 3.164 
55.016 | 6.030 54.984 | — 3.840 55.031 7.125 54.969 | — 2.745 
60.029 | 5.491 59.971 | — 3.349 60.057 | 6.562 59.943 | — 2.278 
65.038 | 4.870 64.962 | — 2.810 65.076 | 5.899 64.924 | — 1.779 
70,043 | 4,182 69.957 | — 2.238 70.087 | 5.153 69.913 | — 1.265 


75.045 | 3.451 74.955 | — 1.661 75.089 | 4.344 74.911 | — 0.764 
80.042 | 2.698 79.958 | — 1.106 80.084 | 3.492 79.916 | — 0.308 
85.035 1.947 84.965 | — 0.601 85.070 | 2.618 84.930 0.074 
90.025 1,224 89.975 | — 0.190 90.049 1.739 89.951 0.329 
95.012 | 0.566 94.988 0.066 95.023 | 0.881 94.977 0.383 


100.000 | 0 100.000 0 100.000; 0 100.000 0 


ene meer 


L.F. radius: 1.087 L.E. radius: 1.087 
Slope of radius through L.E.: 0.0842 Slope of radius through L.E.: 0.1685 





418 THEORY OF WING SECTIONS 


NACA 632-215 NACA 68,-415 
(Stations and ordinates given in (Stations and ordinates given in 
per cent of airfoil chord) per cent of airfoil chord) 


Upper surface Lower surface Upper surface Lower surface 


Station | Ordinate | Station | Ordinate Station | Ordinate | Station | Ordinate 


0 0 0 0 
- 0.399 1.250 0.601 | — 1.150 
— 0.637 1.528 0.863 | — 1.388 
1.120 1.980 1.880 | — 1.766 
2.348 | 2.792 2.652 | — 2.420 


4.829 | 3.960 5.171 | — 3.328 
7.323 | 4.847 7.677 | — 3.999 
9.823 | 5.569 10.177 | — 4.535 
14.8384 | 6.682 15.166 | — 5.336 
19.852 | 7.487 20.148 | — 5.895 


24.875 | 8.049 25.125 | — 6.259 
~ 29.900 | 8.392 30.100 | — 6.448 
34.926 | 8.530 30.074 | — 6.470 
39.952 | 8.457 40.048 | — 6.315 
44.977 | 8.194 45.023 | — 6.004 


50.000 | 7.768 50.000 | — 5.562 
55.019 | 7.203 54.981 | — 5.013 
60.0385 | 6.524 59.965 | — 4.382 
65.047 | 5.751 64.953 | — 3.691 
70.053 | 4.906 69.947 | — 2.962 


75.055 | 4.014 74.945 | — 2.224 
80.051 | 3.105 79.949 | — 1.513 
85.043 | 2.213 84.957 | — 0.867 
90.080 | 1.368 89.970 | — 0.334 
95.014 | 0.616 94.986 0.016 


100.000 | 0 100.000 0 


0 0 

0.300 0.700 
0.525 0.975 
0.991 1.509 
2.198 2.802 


4.660 5.340 
7.147 7.853 
9.647 10.353 
14.669 16.331 
19.705 20.295 


24.750 25.250 
29.800 30.200 
34.852 35.148 
39.905 40.095 
44,955 45.045 


50.000 50.000 
59.039 54.961 
60.070 59.930 
65.093 64.907 
70.106 69.894 


75.109 74.891 
80.102 79.898 
85.085 84.915 
90.059 89.941 
95.028 94.972 


100.000 100.000 


L.E. radius: 1.594 
Slope of radius through L.E.: 0.0842 


L.E. radius: 1.594 
Slope of radius through L.E.: 0.1685 





APPENDIX III 419 


NACA 63,-615 


(Stations and ordinates given in 
per cent of airfoil chord) 


NACA 683;-218 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface Lower surface Upper surface Lower surface 


Station | Ordinate | Station | Ordinate 


Station | Ordinate | Station | Ordinate 


0 0 0 0 0 0 0 
0.205 1.317 0.795 | — 1.017 0.382 1.449 0.618 
0.418 1.634 1,082 | — 1.214 0.617 1.778 0.883 
0.866 2.159 1.634 | — 1.517 1.096 2.319 1.404 
2.050 3.129 2.950 | — 2.013 2.319 3.285 2.681 
4,492 4.560 5.508 | — 2.664 4.796 4.673 9.204 
6.973 5.667 8.027 | — 3.123 7.288 5.728 7.712 
9.473 6.578 10.527 | — 3.476 9.788 6.581 10.212 
14.504 8.010 15.496 | — 3.972 14.801 7.895 15.199 
19.558 9.066 20.442 | — 4.290 19.822 8.842 20.178 
24.625 9.830 25.375 | — 4.460 24.850 9.494 25.150 
29.700 ; 10.331 30.300 | — 4.499 29.880 9.884 30.120 
34.778 | 10.587 35.222 | — 4.407 34.911 | 10.030 35.089 
39.857 | 10.598 40.143 | — 4.172 39.943 9.916 40.057 
44.9382 | 10.384 45.068 | — 3.814 44.973 9.577 45.027 
50.000 9.974 50.000 | — 3.356 50.000 9.045 50.000 
55.058 9.393 54.942 | — 2.823 55.023 8.351 54.977 
60.105 8.665 | 59.895 | — 2.239 60.042 7.526 59.958 
65.139 7.809 64.861 | — 1.629 65.055 6.597 64.945 
70.159 6.847 69.841 | — 1.015 70.062 0.094 69.938 
75.163 5.800 74.837 | — 0.430 75.064 4.544 74.936 
80.153 4.693 79.847 0.083 80.059 3.486 79.941 
85.127 3.000 84.873 0.483 85.049 2.459 84.951 
90.089 2.398 89.911 0.704 90.034 1.501 89.956 
95.042 1.245 94.958 0.651 95.016 0.664 94.984 
100.000 Q 100.000 0 100.000 0 100.000 





—_ 


LL... radius: 2.120 
Slope of radius through L.E.: 0.0842 


L.E. radius: 1.594 
Slope of radius through L.E.: 0.2527 





420 THEORY OF WING SECTIONS 


NACA 68;-418 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface Lower surface 


Station | Ordinate | Station | Ordinate 


0 0 0 0 

0.267 1.484 0.733 | — 1.284 
0.487 1.833 1.0138 | — 1.553 
0.945 2.410 1.555 | — 1.982 
2.140 3.490 2.860 | — 2.711 


4.593 4.975 5.407 | — 3.711 
7.077 6.139 7.923 | — 4.443 
9.577 7.087 10.423 | — 5.019 
14.602 8.560 15.398 | — 5.868 
19.645 9.632 20.355 | — 6.448 


24.699 | 10.385 25.301 | — 6.805 
29.760 | 10.854 30.240 | — 6.966 
34.823 | 11.058 35.177 | — 6.938 
39.886 | 10.986 40.114 | — 6.702 
44,946 | 10.672 45.054 | — 6.292 


50.000:} 10.148 | 50.000 | — 5.736 
55.046 | 9.446 | 54.954 | — 5.066 
60.083 | 8.596 | 59.917 | — 4.312 
65.110} 7.626 | 64.890 | — 3.506 
70.125 | 6.564 | 69.875 | — 2.676 


75.128 5.438 74.872 | — 1.858 
80.119 4.280 79.881 | — 1.096 
85.099 3.130 84.901 | — 0.438 
90.069 2.017 89.931 0.051 
95.032 0.978 94.968 0.286 


100.000 0 100.000 0 


L.E. radius: 2.120 
Slope of radius through L.E.: 0.1685 





NACA 633-618 


(Stations and ordinates given in 
per cent of airfoil chord) 







Upper surface Lower surface 


Station ; Ordinate | Station | Ordinate 














0 0 0 0 
0.156 1.51] 0.844 | — 1.211 
0.361 1.878 1.139 | — 1.458 
0.797 2.491 1.708 | — 1.849 
1.965 3.616 3.035 | — 2.500 


4.393 5.268 5.607 | — 3.372 
6.868 6.542 8.132 | — 3.998 
9.367 7.586 10.633 | — 4.484 
14,404 9.219 15.596 | — 5.181 
19.469 ; 10.418 20.531 | — 5.642 


24.549 | 11.273 25.451 | — 5.903 
29.640 | 11.822 30.360 | — 5.990 
34.734 | 12.086 35.266 | — 5.906 
39.829 |; 12.056 40.171 | — 5.630 
44.919 | 11.767 45.081 | — 5.197 


50.000 | 11.251 50.000 | — 4.633 
55.069 | 10.541 54.931 | — 3.971 
60.125 9.667 59.875 | — 3.241 
65.164 8.655 64.836 | — 2.475 
70.187 7.9034 69.813 | — 1.702 


75.191 6.330 74.809 | — 0.960 
80.178 5.073 79.822 | — 0.297 
85.147 3.800 84.853 0.238 
90.1038 2.031 89.897 0.571 
95.048 1.293 94.952 0.603 


100.000 0 100.000 0 





































































L.E. radius: 2.120 
Slope of radius through L.E.: 0.2527 








































et EEO py TS ER TO Tet Ar A AE 


0 

0.367 
0.600 
1.075 
2.292 


4.763 
7.253 
9.753 
14.767 
19.792 


24.824 
29.860 
34.897 
39.934 
44.969 


50.000 
55.027 
60.048 
65.063 
70.071 


75.073 
80.067 
85.056 
90.039 
95.018 


100.000 


NACA 63,-221 


(Stations and ordinates given in 
per cent of airfoil chord) 





Upper surface — 





0 

1.627 
2.001 
2.628 
3.1700 


5.375 
6.601 
7.593 
9.111 
10.204 


10.946 
11.383 
11.529 
11.369 
10.949 


10.309 
9.485 
8.512 
7.426 
6.262 


5.054 
3.849 
2.693 
1.629 
0.708 


0 


L.E. radius: 2.650 
Slope of radius through L.E.: 0.0842 


Lower surface 


Station | Ordinate | Station | Ordinate 


0 

0.633 
0.900 
1.425 
2.708 


5.237 
CAAT 
10.247 
15.233 
20.208 


25.176 
30.140 
35.103 
40.066 
45.031 


50.000 
54.973 
59.952 
64.937 
69.929 


74.927 
79.933 
84.944 
89.961 
94.982 


100.000 


a 


APPENDIX Ill 





0 
— 1.527 
— 1.861 
— 2.414 
— 3.385 


— 4.743 
— §.753 
— 6.559 
— 7.769 
— 8.612 


— 9.156 
— 9.439 
— 9.469 
— 9.227 
— 8.759 


— 8.103 
— 7.295 
— 6.370 
— 5.366 
— 4.318 


— 3.264 
— 2.257 
— 1.347 
— 0.595 
— 0.076 


0 












0 

0.237 
0.452 
0.902 
2.086 


4.527 
7.007 
9.506 
14.535 
19.585 


24.649 
29.719 
34.793 
39.867 
44.937 


50.000 
55.054 
60.096 
65.126 
70.143 


75.148 
80.135 
85.111 
90.078 
95.037 






100.000 


Upper surface 


NACA 63,-421 


(Stations and ordinates given in 
per cent of airfoil chord) 


0 
1.661 
2.054 


2.717 


3.925 


5.675 
7.010 
8.097 
9.774 
10.993 


11.837 
12.352 
12.558 
12.439 
12.044 


11.412 
10.580 
9.582 
8.455 
7.232 


5.947 
4.643 
3.364 
2.144 


1.022 


0 





L.E. radius: 2.650 
Slope of radius through L.E.: 0.1685 


Station | Ordinate | Station | Ordinate 


0 


0.763 
1.048 
1.598 


2.914 


5.473 
7.993 
10.494 
15.465 
20.415 


25.351 
30.281 
35.207 
40.133 
45.063 


50.000 
54.946 
59.904 
64.874 
69.857 


74.855 
79.865 
84.889 
89.922 
94.963 


100.000 


Lower surface 


421 














0 
— 1.461 
— 1.774 
— 2.289 
— 3.181 


— 4.411 
— 5.314 
— 6.029 
— 7.082 
— 7.809 


— 8.257 
— 8.464 
— 8.438 
— 8.155 
— 7.664 


— 7.000 
— 6.200 
— 5.298 
— 4.335 
— 3.344 


— 2.367 
— 1.459 
— 0.672 
— 0.076 

0.242 


0 




























422 


NACA 63A210 


(Stations and ordinates given in 
per cent of airfoil chord) 









Upper surface Lower surface 




















Station ; Ordinate Station hice 











0 0 0 | 0 

0.423 | 0.868 0.577 — 0.756 
0.664 | 1.058 0.836 — 0.900 
1.151 | 1.367 1.349 | — 1.125 
2.384 | 1.944 2.616 | — 1.522 
4.869 | 2.769 5.181 | — 2.047 
7.364 | 3.400 7.636 | — 2.428 
9.863, 3.917 | 10.137 | — 2.725 
14.869 | 4.729 | 15.131 | — 3.167 
19.882 | 5.328 | 20.118} — 3.468 








24.898 5.764 25.102 | — 3.662 
29.916 6.060 30.084 | — 3.764 
34.935 6.219 35.065 | — 3.771 
39.955 6.247 40.045 | — 3.689 
44.975 6.151 45.025 | — 3.528 













49.994 5.943 50.006 | — 3.288 
55.012 5.637 54.988 | — 2.985 
60.028 5.245 59.972 | — 2.641 
65.041 4.772 64.959 | — 2.262 
70.052 | 4.227 69.948 ; — 1.861 









75.061 3.624 74,939 1.464 
80.074 2.974 79.926 | — 1.104 
85.072 | 2.254 84.928 | — 0.812 
90.050 1.519 89.950 . — 0.539 
95.026 | 0.769 94.974 | — 0.279 
100.000 ; 0.021 100.000 | — 0.021 







L.E. radius: 0.742 
T.F. radius: 0.023 
Slope of radius through L.E.: 0.095 





THEORY OF WING SECTIONS 


NACA 64-108 


(Stations and ordinates given in 
per cent of airfoil chord) 













Upper surface Lower surface 











RS inton Ordinate | Station Oras 
0 0 — 0 | oOo. 
0.472 0.682 0.528 | — 0.632 
().719 ().828 0.781 | — 0.758 
1.215 1.058 1.285 | — 0.950 
2.460 1.457 2.540 | — 1.271 














4.956 2.032 5.044 | — 1.716 
7.455 2.471 7.545 | — 2.047 
9,955 2.832 10.045 | — 2.316 
14.958 3.405 15.042 | — 2.7338 
19.962 3.835 20.038 | — 3.039 















24.968 4.152 25.032 | — 3.256 
29.974 4.370 30.026 | — 3.398 
34.980 4,194 35.020 ; — 3.464 
39.987 4.528 40.013 | — 3.456 
44.994 4.431 45.006 | — 3.335 











50.000 | 4.236 | 50.000 | — 3.132 
55.005 | 3.959 | 54.995 | — 2.863 
60.010 | 3.617 | 59.990 | — 2.545 
65.013 | 3.219 | 64.987] — 2.189 
70.015 | 2.777 69.985 | — 1.805 
75.016; 2.302 | 74.984 | — 1.406 
80.015 1.802 | 79.985 | — 1.006 
85.013 | 1.297 | 84.987 | — 0.625 
90. O10 | 0.808 | 39.990 | — 0.292 
95.005 | 0.364 | 94.995 | — 0.048 
100.000 | | 100.000 | 0 





L.E. radius: 0.455 
Slope of radius through L.E.: 0.042 


APPENDIX Ill 


NACA 64-110 


(Stations and ordinates given in 
per cent of airfoil chord) 









Upper surface Lower surface 

















Station | Ordinate | Station | Ordinate 



























0 0 0 0 
0.465 | 0.844 | 0.535 | — 0.794 
0.712 | 1.023 0.788 | — 0.953 
1.207 | 1.303 1.293 | — 1.195 
2.450 | 1.793 2.550 | — 1.607 
4.945} 2.500 | 5.055 | — 2.184 
7.443) 3.037 7.557 | — 2.613 
9.944 | 3.479 | 10.056 | — 2.963 
14.947 | 4.178 | 15.053 | — 3.506 
19.953 | 4.700 | 20.047 | — 3.904 
24.959 | 5.087 | 25.041 | — 4.191 
29.967 | 5.350 | 30.033 | — 4.378 
34.975 | 5.495 | 35.025 | — 4.465 
39.984 | 5.524 | 40.016 | — 4.452 
44.992 | 5.391 | 45.008 | — 4.295 
50.000 | 5.188 | 50.000 | — 4.034 
55.007 | 4.786 | 54.993 | — 3.690 
60.012 | 4.356 | 59.988 | — 3.284 
65.016 | 3.860 | 64.984 | — 2.830 
70.019 | 3.313 | 69.981 | — 2.341 
75.020 | 2.729 | 74.980 | — 1.833 
80.019 ; 2.120 | 79.981 | — 1.324 
85.016 1.512 | 84.984  — 0.840 
90.012 0.929 | 89.988 | — 0.418 
95,006 | 0.406 | 94.994 — 0.090 


100.000 | 0 100.000 0 


L.E. radius: 0.720 
Slope of radius through L.E.: 0.042 


423 


NACA 64-206 


(Stations and ordinates given in 
per cent of airfoil chord) 








Upper surface Lower surface 













Station | Ordinate | Station | Ordinate 





0 0 QO. 

0.459 | 0.542 0.541 
0.704 | 0.664 0.796 
1.198 | 0.859 1.302 


2.440 1.208 2.9560 











4.934 1.719 5.066 
7.432 | 2.115 7.568 
9.933 | 2.444 10.067 
14.937 | 2.970 15.063 
19.943 | 3.367 20.057 











24.952 | 3.667 25.048 
29.961 3.879 30.039 
34.971 4.011 35.029 
39.981 4.066 40.019 
44,991 4.014 45.009 
















50.000 3.878 | 50.000 
55.008 3.670 | 54.992 
60.015 , 3.402 | 59.985 
65.020 3.080 | 64.980 
70.023 2.712 | 69.977 





75.025 


2.307 | 74.975 
80.024 1.868 | 79.976 
85.020 | 1410 | 84.980 
90.015 0.940 | 89.985 
95.007 | 0.473 | 94.993 
100.000, 0 100.000 






L.E. radius: 0.256 
Slope of radius through L.E.: 


424 


NACA 64-208 


(Stations and ordinates given in 
per cent of airfoil chord) 














Lower surface 


Upper surface 











Station | Ordinate ‘Station | Ordinate 
0 0 0 0 
0.445 | 0.706 0.555 | — 0.606 
0.688 | 0.862 0.812 — 0.722 
1.180 | 1.110 1.320  — 0.896 
9.421 | 1.549 2.579 | — 1.177 
4.912 | 2.189 5.088 | — 1.557 
7.410 | 2.681 7.590 — 1,833 
9.909 | 3.089 10.091 | — 2.055 

14.915 | 3.741 15.085 | — 2.395 
19.924 | 4.232 20.076 | — 2.640 
{ 






24.935 | 4.598 95.065 | — 2.808 
29.948 | 4.856 30.052 — 2.912 
34.961 | 5.009 35.039 | — 2.049 
39.974 | 5.063 40.026 | — 2.921 
44,988 | 4.978 45.012 | — 2.788 





















50.000 | 4.787 50.000 | — 2.581 
55.011 | 4.506 54.989 — 2.316 
60.020 | 4.152 59.980 | — 2.010 
65.027 | 3.733 64.973 | — 1.673 
70.031 | 3.263 69.969 | — 1.319 


















75.032 2.749 74.968 0.959 
80.031 2.200 79.969 |; — 0.008 
85.027 1.634 84.973 | — 0.288 
90.019 1.067 89.981 | — 0.033 
95.010 | 0.522 94.990 0.110 













100.000 | 0 100.000 0 





L.E. radius: 0.455 
Slope of radius through L.E.: 0.084 


THEORY OF WING SECTIONS 


NACA 64-209 


(Stations and ordinates given in 
per cent of airfoil chord) 









Upper surface Lower surface 





Station | Ordinate Stati Ordinate 


0 0 0 







pacer 

| 9 
0.438 | 0.786 0.562 | — 0.686 
0.680 | 0.959 (820 | ~ 0.819 
1.172 | 1.232 1.328 | — 1,018 
2411} 1.716 2.589 | — 1.344 
4.901 | 2.423 5.099 | — 1.791 
7.398 | 2.965 7.602 | — 2.117 


9.899 | 3.413 10.101 | — 2.379 
14.905 | 4.127 15.095 | — 2.781 
19.915 | 4.663 20.085 |: — 3.071 











24.927 | 5.064 25.073 | — 3.274 
29.941 | 5.345 30.059 — 3.401 
684.956 | 5.509 35.044. — 3.449 
39.971 | 5.561 40.029 | — 3.419 
44.986 | 5.459 45.014 | — 3.269 












90.000 5.239 50.000 | — 3.033 
55.012 4.921 54.988 | — 2.731 
60.022 4.523 59.978 | — 2.381 
65.030 4.056 64.970 | — 1.996 


70.035 3.033 69.965 | — 1.589 














75.036 | 2.964 | 74.964 | — 1.174 
80.035 | 2.360 | 79.965 | — 0.768 
85.030 1.742 | 84.970 | — 0.396 
90.021 | 1.128 | 89.979} — 0.094 
95.011 | 0.543 | 94.989} 0.089 




















100.000 | 0 100.000 0 






L.E. radius: 0.579 
Slope of radius through L.E.: 0.084 


APPENDIX III 425 


NACA 64-210 NACA 64,-112 
(Stations and ordinates given in (Stations and ordinates given in 
per cent of airfoil chord) per cent of airfoil chord) 


Upper surface Lower surface Upper surface Lower surface 


Station | Ordinate | Station | Ordinate Station | Ordinate | Station | Ordinate 


0 0 0 0 0 0 0 

0.431 0.867 | 0.569 | — 0.767 0.459 1.002 0.541 
0.673 1.056 0.827 | — 0.916 0.704 1.213 0.796 
1.163 1.354 1.337 | — 1.140 1.198 1.543 1.302 
2.401 1.884 2.099 | — 1.512 2.441 2.127 2.559 


4.890 | 2.656 5.110 | — 2.024 4.934 2.967 5.066 
7.387 | 3.248 7.613 | — 2.400 7.4382 | 3.605 7.568 
9.887 | 3.736 10.113 | — 2.702 9.932 | 4.128 10.068 
14.894 4.514 15.106 | — 3.168 14.936 4.956 15.064 
19.905 5.097 20.095 | — 3.505 19.943 5.071 20.057 


24.919 5.033 25.081 | — 3.743 24.951 6.024 25.049 
29.934 5.836 30.066 | — 3.892 29.961 6.330 30.039 
34.951 6.010 35.049 | — 3.950 34.971 6.493 35.029 
39.968 6.059 40.0382 | — 3.917 39.981 6.517 40.019 
44.985 5.938 45.015 | — 3.748 44.991 6.346 45.009 


50.000 5.689 90.000 | — 3.483 50.000 | 6.032 50.000 
55.014 5.333 54.987 | — 3.143 59.008 | 5.604 54.992 
60.025 | 4.891 59.975 | — 2.749 60.015 5.084 59.985 
65.033 | 4.375 64.967 | — 2.315 65.020 | 4.489 64.980 
70.038 | 3.799 69.962 | — 1.855 70.023 ;, 3.836 69.977 


75.040 3.176 74.960 | — 1.386 75.024 3.143 74.976 
80.038 2.918 79.962 | — 0.926 80.022 2.427 79.978 
85.033 1.849 84.968 | — 0.503 85.019 1.718 84.981 
90.024 1.188 89.977 | — 0.154 90.014 1.044 89.986 
95.012 | 0.564 94.988 0.068 95.007 | 0.446 94.993 


100.000 | 0 100.000 0 100.000 | 0 100.000 


L.E. radius: 0.720 4 L.E. radius: 1.040 
Slope of radius through L.E.: 0.084 Slope of radius through L.E.: 0.042 





426 


NACA 64-212 


(Stations and ordinates given in 
per cent of airfoil chord) 


















Upper surface Lower surface 





Station | Ordinate | Station ' Ordinate 














0 0 0) 0 

0.418 | 1.025 0.582 | — 0.925 
0.659 | 1.245 0.841 | — 1.105 
1.147} 1.593 1.353 | — 1.379 
2.382 | 2.218 2.618 | — 1.846 

































4.868 | 3.123 5.1382 | — 2.491 
7.364 3.815 7.636 | — 2.967 
9.865 | 4.386 10.135 | — 3.352 
14.872 | 5.291 15.128 | — 3.949 
19.886 | 5.968 20.114 | — 4.376 












24.903 6.470 25.097 | — 4.680 
29.921 6.815 30.079 | — 4.871 
34.941.; 7.008 35.059 | — 4.948 
39.961 7.052 40.039 | — 4.910 
44,982 6.893 45.018 | — 4.708 















50.000 | 6.583 50.000 | — 4.377 
55.016 | 6.151 54.984 | — 3.961 
60.029 | 5.619 59.971 | — 3.477 
65.039 | 5.004 64.961 | — 2.944 
70.045 | 4.322 69.955 | — 2.378 




















75.047 | 3.590 74.953 | — 1.800 
80.045 | 2.825 79.955 | — 1.238 
85.038 | 2.054 84.962 | — 0.708 
90.027 1.303 89.973 | — 0.269 
95.013 | 0.604 94.987 0.028 







100.000 100.000 0 






L.E. radius: 1.040 
Slope of radius through L.E.: 0.084 





THEORY OF WING SECTIONS 


NACA 64,-412 


(Stations and ordinates given in 
per cent of airfoil chord) 








Upper surface Lower surface 


Station | Ordinate | Station  Oudinnte 









0) 0 | QO 0 

0.338 | 1.064 | 0.662 | — 0.864 
0.569 | 1.305 0.931 | — 1.025 
1.045 | 1.455 | — 1.262 


1.690 
2.264 2.393 2.736 | — 1.649 























































4.738 3.430 5.262 | — 2.166 
7.229 4.231 7.771 | — 2.530 
9.730 4,896 10.270 | — 2.828 
14.745 5.999 15.255 | — 3.267 
19.772 6.760 20.228 | — 3.576 














































24.805 | 7.363 | 25.195 | — 3.783 
29.842 | 7.786 | 30.158 | — 3.898 
34.882 | 8.037 35.118 | — 3.917 
39.923 | 8.123 | 40.077 | — 3.889 
44.963 | 7.988 | 45.037 | — 3.608 
50.000 | 7.686 50.000 | — 3.274 
55.032 | 7.246 54.968 | — 2.866 
60.059 | 6.690 59.941 | — 2.406 
65.078 | 6.033 64.922 | — 1.913 
70.090 | 5.293 69.910 | — 1.405 









| 
| 
| 
4.483 i 












75.094 74.906 | — 0.903 
80.089 3.619 79.911 | — 0.485 
85.076 2.722 84.924 | — 0.038 
90.055 1.818 89.945 0.250 
95.027 0.919 94.973 0.345 










100.000 | 0 100.000 0 






L.E. radius: 1.040 
Slope of radius through L.E.: 0.168 





NACA 642-215 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


APPENDIX III 


Lower surface 





per cent of airfoil chord) 


NACA 64,-415 
(Stations and ordinates given in 


Upper surface 


Lower surface 


Station | Ordinate | Station | Ordinate Station | Ordinate | Station | Ordinate 
0 0 0 0 0 0 0 0 
0.399 | 1.254] 0.601 | — 1.154 0.299 | 1.291 0.701 | — 1.091 
0.637 | 1.522 0.863 | — 1.382 0.526 | 1.579 0.974 | — 1.299 
1.122 | 1.945 (2378) =c1-731 0.996 | 2.038 1.504 | — 1.610 
2.353 | 2.710 2.647 | — 2.338 2.207 | 2.883 2.793 | — 2.139 
4.836 | 3.816 5.164 | — 3.184 4.673; 4.121 5.327 | — 2.857 
7.331 | 4.661 7.669 | — 3.813 7.162 | 5.075 7.838 | — 3.379 
9.831 | 5.356 10.169 | — 4.322 9.662 | 5.864 10.338 | — 3.796 

14.840 | 6.456 15.160 — §.110 14.681 | 7.122 15.319 | — 4.430 
19.857 | 7.274 20.143 | — 5.682 19.714 | 8.066 20.286 | — 4.882 
24.878 | 7.879 25.122 | — 6.089 24.756 | 8.771 25.244 | — 5.191 
29.901 | 8.290 | 30.099 | — 6.346 29.803 | 9.260 30.197 | — 5.372 
34.926 | 8.512 35.074 | — 6.452 34.853 | 9.541 35.147 | — 5.421 
39.952 | 8.544 40.048 — 6.402 39.904 | 9.614 40.096 | — 5.330 
44.977 | 8.319 45.023 - 6.129 44.954 | 9.414 45.046 | — 5.034 
50.000 | 7.913 50.000 | — 5.707 50.000 | 9.016 50.000 | — 4.604 
55.020 | 7.361 54.980) — §.171 55.040 | 8.456 54.960 | — 4.076 
60.036 | 6.691 59.964 | — 4.549 60.072 | 7.762 59.928 | — 3.478 
65.048 | 5.925 64.952 | — 3.865 65.096 | 6.954 64.904 | — 2.834 
70.055 | 5.085 69.945 | — 3.141 70.111: 6.055 69.889 | — 2.167 
75.058 | 4.191 74.942 | — 2.401 75.115 | 5.084 74.885 | — 1.504 
80.055 | 3.267 7 79.945 | — 1.675 | 80.109 | 4.062 79.891 | — 0.878 
85.016 | 2.349 | 84.954 | — 1.003 85.092 | 3.020 | 84.908 | — 0.328 
90.033 | 1.466 89.967 | — 0.432 90.066 | 1.982 89.934 0.086 
95.016 | 0.662 | 94.984 | — 0.030 95.032 | 0.976 94.968 0.288 
| 100.000 0 100.000; 0 100.000 0 


100.000 0 


L.1e. radius: 1.590 
Slope of radius through L.E.: 0.084 


L.E. radius: 1.590 
Slope of radius through L.E.: 0.168 





428 THEORY OF WING SECTIONS 


NACA 64;-218 


(Stations and ordinates given in 
per cent of airfoil chord) 









Upper surface Lower surface 


: ; | : ; 
Station | Ordinate , Station | Ordinate 





























0. 0 0 0 

0.380 1.473 0.620 | — 1.373 
0.617 1.785 0.883 | — 1.645 
1.099 2.279 1.401 | — 2.065 
2.325 3.186 2.675 | — 2.814 













i 







4.804 4.497 5.196 | — 3.865 
7.297 5.496 7.703 , — 4.648 
9.797 6.316 10.203 | — 5.282 
14.808 7.612 15.192 | — 6.266 
19.828 8.576 20.172 | — 6.984 



























24.853 9,285 25.147 | — 7.495 
29.881 9.760 30.119 | — 7.816 
34.912 | 10.009 35.088 | — 7.949 
39.942 | 10.023 40.058 | — 7.881 
44.972 9.725 45.028 | — 7.585 
























50.000 9,217 50.000 | — 7.011 
55.024 8.540 54.976 | — 6.390 
60.043 7.729 59.957 | — 5.587 
65.057 6.812 64.943 | — 4.752 
70.065 5.814 69.935 | — 3.870 
















75.068 4.760 74.932 | — 2.970 
80.064 3.683 79.936 | — 2.091 
85.054 2.623 84.946 | — 1.277 
90.038 1.617 89.962 | — 0.583 
95.019 0.716 94.981 | — 0.084 













100.000 0 100.000 0 






L.E. radius: 2.208 
Slope of radius through L.E.: 0.084 


NACA 643-418 


(Stations and ordinates given in 
per cent of airfoil chord) 





Upper surface Lower surface 













Station | Ordinate | Station | Ordinate 














0 0 0 0 


0.263 1.508 0.737 | — 1.308 
0.486 1.840 1.014 | — 1.560 
0.950 2.370 1.550 | — 1.942 


2.152 3.397 2.848 | — 2.613 











4.609 4.800 5.391 | — 3.536 
7.095 5.908 7.905 | — 4.212 
9.595 6.823 10.405 | — 4.755 
14.617 8.277 15.383 | — 5.585 
19.657 9.366 20.343 | — 6.182 



















24.707 | 10.176 25.293 | — 6.596 
29.763 | 10.730 30.237 | — 6.842 
34.823 | 11.037 35.177 | — 6.917 
39.885 | 11.093 40.115 | — 6.809 
44.945 ; 10.820 45.055 | — 6.440 





50.000 | 10.320 50.000 | — 5.908 
55.047 9.635 54.953 | — 5.255 
60.086 8.799 59.914 | — 4.515 
65.114 7.841 64.886 | — 3.721 
70.131 6.784 69.869 | — 2.896 











75.135 | 5.654 | 74.865 | — 2.074 
80.127 | 4.477 | 79.873 | — 1.298 
85.108 | 3.294 | 84.892 | — 0.602 
90.077 | 2.132 | 89.923 | — 0.064 
95.037 | 1.030 | 94.963 | 0.234 
100.000 | 0 | 100.000} 0 





—_—— 


L..E. radius: 2.208 
Slope of radius through L.E.: 0.168 


NACA 64;-618 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


Station | Ordinate | Station 


0 


0.150 1.534 0.850 | — 1.234 0.362 1.690 0.638 | — 1.590 
0.359 1.885 1.141 | — 1.465 0.596 2.049 0.904 | — 1.909 
0.805 2.452 1.695 | — 1.810 1.075 2.618 1.425 | — 2.404 
1.982 3.518 3.018 | — 2.402 2.297 3.665 2.703 | — 3.293 
4.417 5.093 5.083 | — 3.197 4.772 5.182 5.228 | — 4.550 
6.895 6.312 8.105 | — 3.768 7.264 6.334 7.736 | — 5.486 
9.395 7.322 10.605 | — 4.220 9.763 7.282 10.237 | — 6.248 
14.427 8.937 15.573 | — 4.899 14.776 8.778 15.224 | — 7.432 
19.486 | 10.153 20.514 | — 5.377 19.799 9.889 20.201 | — 8.297 
24.560 | 11.065 25.440 | — 5.695 24.829 | 10.701 25.171 | — 8.911 
29.645 | 11.698 30.355 | — 5.866 29.861 | 11.240 30.139 | — 9.296 
34.735 | 12.065 35.265 | — 5.885 34.897 | 11.510 35.103 | — 9.450 
39.827 | 12.163 40.173 | — 5.737 39.933 | 11.502 40.067 | — 9.360 
44.917 | 11.915 45.083 | — 5.345 44.968 | 11.125 45.032 | — 8.935 


50.000 | 11.423 50.000 | — 4.805 50.000 | 10.507 50.000 | — 8.301 
95.071 | 10.730 54.929 | — 4.160 55.027 9.702 04.973 | — 7.512 
60.129 9.870 09.871 | — 3.444 60.050 8.749 59.950 | — 6.607 
65.171 8.870) 64.829 | — 2.690 65.065 7.679 64.935 | — 5.619 
70.196 7.704 69.804 | — 1.922 70.075 6.521 69.925 | — 4.577 


75.203 | 6.544 74.797 | — 1.174 75.077 | 5.310 | 74.923 | — 3.520 

80.191 5.270 | 79.809 | — 0.494 80.073 | 4.082 79.927 | — 2.490 

85.161 3.963 | 84.8389; 0.075 85.061 2.885 84.939 | — 1.539 

90.115 2.646 89.885 , 0.456 90.044 1.761 89.956 | — 0.727 

95.056 1.344 94.944 ' 0.552 95.021 0.765 94.979 | — 0.133 
0 100.000 — 100.000 0 


100.000 


| 
| 
| 
| 
| 
| 
| 
| 
| 


0 


APPENDIX III 


Lower surface 


0 


Ordinate 


0 


0 


- 429 


NACA 64,-221 


(Stations and ordinates given in 
per cent of airfoil chord) 





Upper surface Lower surface 









Ordinate 





Station | Ordinate! Station 





0 0 0 0 




















































100.000 0 


<A eet eh a rt = ee ee et ee 





L.E. radius: 2.884 
Slope of radius through L.E.: 0.084 


L.E. radius: 2.208 
Slope of radius through L.E 






430 THLORY OF WING SECTIONS 


NACA 64-421 NACA 64A210 
(Stations and ordinates given in (Stations and ordinates given in 
per cent of airfoil chord) per cent of airfoil chord) 









Upper surface Lower surface 


Upper surface | Lower surface 
Station | Ordinate Station | Ordinate Station | Ordinate Station | Ordinate 


0 0 | 0 0 0 | 0 0 |) 0 

0.227) 1.723 | 0.773 | — 1.523 0.424) 0.856 | 0.576 ; — 0.744 
0.445} 2.101 | 1.055 — 1.821 0.665 1.044 | 0.835 | — 0.886 
0.903 | 2.707 | 1.597 — 2.279 1.153 | 1.342 1.347 | — 1.100 
2.096 | 3.834 | 2.904 — 3.090 2.387 1.895 | 2.613 | — 1.473 
4.545) 5482 | 5.455 | — 4.218 4.874! 2.685 | 5.126 | — 1.963 
7.028 | 6.744 | 7.972 | — 5.048 7.369; 3.288 | 7.631 | — 2.316 
9.528 | 7.786 | 10.472 | — 5.718 9.868 | 3.792 10.132 | — 2.600 
14.553} 9.442 | 15.447 | — 6.750 14.874} 4.592 | 15.126 | — 3.030 
19.599 | 10.678 | 20.401 | — 7.494 19.885 | 5.200 | 20.115 | — 3.340 













24.657 | 11.591 | 25.343 | — 8.011 
29.723 | 12.209 | 30.277 | — 8.321 
34.794 | 12.539 | 35.206 | — 8.419 
39.865 | 12.572 | 40.135 | — 8.288 
44.936 | 12.220 | 45.064 | — 7.840 


50.000 | 11.610 50.000 | — 7.198 
55.055 | 10.797 54.945 | — 6.417 
60.099 9.819 59.901 | — 5.535 
65.131 8.708 64.869 | — 4.588 
70.150 7,491 69.850 | — 3.603 


75.154 6.203 74.846 | — 2.623 
80.145 4.876 79.855 | — 1.692 
85.122 3.006 84.878 | — 0.864 
90.087 2.276 | 89.913 | — 0.208 
95.042 1.079 94.958 0.185 


100.000} 0 | 100.000 0 


24.900 | 5.656 25.100 | — 3.554 
29.917 0.984 30.083 | — 3.688 
34.935 6,192 35.065 | — 3.744 
39.955 6.274 40.045 | — 3.716 
44.975 6.208 45.025 | — 3.980 


49.994 6.014 50.006 | — 3.354 
55.012 5.714 §4.988 | — 3.062 
60.028 5.323 59.972 | — 2.719 
65.042 | 4.852 64.958 | — 2.342 
70.054 | 4.310 69.946 | — 1.944 


75.063 | 3.702 74,937 | — 1.642 
80.076 | 3.037 79.924 | — 1.167 
85.074 | 2.301 84.926 0.859 
90.052 1.551 89,948 | — 0.571 
95.027 | 0.785 94.974 | — 0.295 


100.000 | 0.021 - 100.000 — 0.021 


L.E. radius: 0.687 
T.E. radius: 0.023 
Slope of radius through L.E.: 0.095 
































L.E. radius: 2.884 
Slope of radius through L.E.: 0.168 





NACA 64A410 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


Station {| Ordinate | Station 


0 | 
0.350 
0.582 
1.059 
2.276 


4.749 | 
7.230 — 
9.737 | 
14.748 
19.770 


24.800 - 
29.834 
34.871 
39.910 
44.950 


49.989 | 
55.025 | 
60.057 
65.085 . 
70.108 


75.126 | 
80.151 
85.148 | 
90.104 
95.053 


100.000 | 


L.E. radius: 0.687 
TEE. radius: 0.023 


0) 


| 


0.902 | 


1.112 
1.451 
2.095 


3.034 
3.865 
4.380 
5.366 
6.126 


6.705 
7.131 
7.414 
7.502 
7.022 


7.344 
7.040 
6.624 
6.106 
5.490 


4.780 
3.967 
3.018 
2.038 
1.028 


0.021 


Lower surface 


QO 

0.650 
0.918 
1.44] 
2.724 


5.2901 


7.770 | 
10.263 
15.252 | 
20.230 | 


25.200 
30.166 | 
35.129 | 
40.090 | 
45.050 


50.011 | 
54.975 | 
59.943 
64.915 
69.892 


74.874 
79.849 
84.852 
89.896 
94.947 





Ordinate 


0 


— 0.678 
— 0.796 


ani 


=e 


0.969 
1.251 


1.592 
1.919 
1.996 
2.244 
2.406 


2.499 
2.037 
2.918 
2.436 
2.266 


2.024 
1.736 
1.418 
1.086 
0.760 


0.460 
0.229 
0.132 
0.076 
0.048 


Slope of radius through L.i.: 0.190 


APPENDIX III 


NACA 64,A212 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


0 
0.409 
0.648 


1.135— 
2.365 | 


4,849 


7.343 
9.842 
14.849 
19.862 


24.880 
29.900 
34.922 
39.946 
44.970 


49.993 
55.015 


60.034 | 


65.050 | 
70.064 | 


75.075 


80.090 
85.088 


90.062 | 


| 
| 


95.032 | 


100.000 





L.Ié. radius: 0.994 


0 

1.013 
1.233 
1.580 
2.225 


3.145 
3.846 
4.432 
5.358 
6.060 


6.584 
6.956 
7.189 
7.272 
7.177 


6.935 
6.570 
6.103 
5.544 
4.903 


4.197 
3.433 
2.601 
1.751 
0.888 


0.025 


T.Is. radius: 0.028 
Slope of radius through L.E.: 0.095 


431 


Lower surface 


Station | Ordinate | Station 


0 

0.591 
0.852 
1.365 
2.635 


5.151 
7.657 
10.158 
15.151 
20.138 


25.120 
30.100 
30.078 
40.054 
45.030 | 


50.007 
54.985 
59.966 
64.950 
69.936 


74,925 
79.910 
84.912 
89.938 
94.968 


100.000 


e.g. tm 


Ordinate 


0 
— 0.901 
— 1.075 
— 1.338 
— 1.803 


— 2,423 
— 2.874 
— 3.240 
— 3.796 
— 4.200 


— 4,482 
— 4.660 
— 4,741 
— 4.714 
— 4.549 


— 4,275 
— 3.918 
— 3.499 
— 3.034 
— 2.537 


— 2.037 
— 1.563 
— 1.159 
— 0.771 
— 0.398 


— 0.025 


432 THEORY OF WING SECTIONS 
NACA 64,A215 
(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface ! 


NACA 65-206 


(Stations and ordinates given in 
per cent of airfoil chord) 









Lower surface Upper surface Lower surface 






















































































Station | Ordinate ; Station | Ordinate Station | Ordinate | Station | Ordinate 
0 0 0 ! 0 0 0 0 0 
0.388 1.243 0.612 1.131 0.460 0.524 0.540 0.424 
0.624 1.509 0.876 1.351 ().706 0.642 0.794 0.502 
1.107 | 1.930 1.393 | 1.688 1.200 ().822 1.300 ().608 
2.333 2.713 2.667 2.291 2.444 1.140 2.556 0.768 
4.811 3.833 5.189 3.111 4.939 1.625 5.061 0.993 
7.304 4.683 7.696 3.711 7.437 2.012 7.568 1.164 
9.802 5.391 10.198 | — 4.199 9.936 2.340 10.064 1.306 

14.811 6.510 15.189 | — 4.948 14.939 2.869 15.061 1.523 
19.827 7.001 20.173 5.491 19.945 3.277 20.055 1.685 
24.849 7.975 25.151 5.873 24.953 3.592 25.047 1.802 
29.875 8.417 30.125 6.121 29.962 | 3.824 30.038 1.880 
34.903 8.686 35.097 | (6.238 34.971 3.982 35.029 1.922 
39.933 8.766 4().067 (3.208 39.981 4.069 4().019 © 1.927 
44.963 8.627 45.037 5.999 44.990 4.078 45.010 1.888 
49.992 8.308 50.008 5.648 50.000 4.003 50.000 1.797 
55.018 7.843 54.982 | — 5.191 55.009 : 3.836 54.991 1.646 
60.042 7.258 59.958 | — 4.654 60.016 3.589 59.984 1.447 
65.063 6.566 64.937 | — 4.056 65.022 3.276 64.978 1.216 
70.079 5.782 69.921 | — 3.416 70.026 2.907 69.974 (0.963 
75.093 4.926 74.907 | — 2.766 75.028 2.489 74.972 0.699 
80.111 4.017 79.889 | — 2.147 80.027 2.029 79.973 0.437 
85.109 3.039 84.891 | — 1.597 85.024 1.538 84.976 0.192 
90.076 2.046 89.924 | — 1.066 90.018 1.027 89.982 0.007 
95.039 1.039 94.961 | — 0.549 95.009 0.511 94.991 0.121 
100.000 0.032 | 100.000 100.000 0 100.000 0 


— 0.032 
















L.E. radius: 0.240 
Slope of radius through L.E.: 0.084 


L.E. radius: 1.561 
T.E. radius: 0.037 
Slope of radius through L.E.: 0.099 


NACA 65-209 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


APPENDIX III 


Lower surface 


Station | Ordinate | Station 


0 

0.441 
0.684 
1.177 
2.417 


4.908 
7.405 
9.904 
14.909 
19.918 


24.929 
29.942 
34.956 
39.971 
44.986 


90.000 
99.013 


60.024 | 
65.033 | 
70.039 | 


75.041 
80.040 


85.035 | 


90.026 
95.013 


0 . 
0.748 


0.912 — 


1.162 
1.605 


2.279 
2.805 
3.201 
3.971 
4.522 
4.944 
5.254 
5.461 
5.567 
5.964 


0.439 
5.181 
4.814 
4.358 
3.828 


3.200 
2.601 
1.933 
1.250 
0.596 


100.000 | 0 


L.E. radius: 0.552 


0 
0.559 © 
0.816 
1.323 
2.983 


5.092 
7.995 
10.096 
15.091 
20.082 


25.071 
30.058 
30.044 
40.029 
45.014 


90.000 
54.987 


09.976 | 


64.967 
69.961 


74.959 
79.960 
84.965 
89.974 
94.987 


100.000 


Ordinate 


0 
— 0.648 
— 0.772 
— 0.948 
— 1.233 


— 1.643 
— 1.957 
— 2.217 
— 2.625 
— 2.930 


— 3.154 
— 3.310 
— 3.401 
— 3.425 
— 3.374 


— 3.233 
— 2.991 
— 2.672 
— 2.298 
— 1.884 


— 1.447 
— 1.009 
— 0.587 
— 0.221 

0.036 


0 


Slope of radius through L.E.: 0.084 





(Stations and ordinates given in 
per cent of airfoil chord) 


NACA 65-210 


Upper surface 


0 

0.435 
0.678 
1.169 
2.408 


4.898 
7.394 
9.894 
14.899 
19.909 


24.921 
29.936 
34.951 
39.968 
44.984 


50.000 
59.014 
60.027 
65.036 
70.043 


75.045 
80.044 
85.038 
90.028 


95.014 | 
100.000 


Station | Ordinate 


0 

0.819 
0.999 
1.273 
1.757 


2.491 
3.069 
3.005 
4.338 
4.938 


5.397 
5.732 
5.954 
6.067 
6.058 


5.915 
5.625 
0.217 
4.712 
4.128 


3.479 
2.783 
2.057 
1.327 
0.622 


0 


| 
| 


| 
| 
| 


433 


Lower surface 


Station | Ordinate 


0 

0.565 
0.822 
1.331 
2.992 


5.102 
7.606 
10.106 
15.101 
20.091 


25.079 
30.064 
30.049 
40.032 
45.016 


50.000 
54.986 
59.973 
64.964 
69.957 


74.955 
79.956 
84.962 
89.972 
94.986 


100.000 


L.E. radius: 0.687 
Slope of radius through L.E.: 0.084 





434 THEORY OF WING SECTIONS 





NACA 65-410 NACA 65-212 
(Stations and ordinates given in (Stations and ordinates given in 
per cent of airfoil chord) per cent of airfoil chord) 
Upper surface Lower surface Upper surface : Lower surface 
Station | Ordinate | Station Ordinate Station | Ordinate | Station | Ordinate 
0 0 0 0 0 0) 0 0 
0.372 | 0.861 0.628 | — 0.661 0.423 | 0.970 0.577 | — 0.870 
0.607 1.061 0.893 | — 0.781 0.664 1.176 0.836 | 1.036 
1.089 1.372 1.411 ; — 0.944 1.154 1.491 1.346 | L277 
2.318 1.935 2.682 | — 1.191 2.391 | 2.058 2.609 1.686 
4,797 2.800 5.2038 | — 1.536 4.878 2.919 5.122 2.287 
7.289 | 3.487 7.711 | — 1.791 7.373 | 3.593 7.627 | — 2.745 
9.788 4.067 10.212 | — 1.999 9.873 4.162 10.127 | — 3.128 
14.798 | 5.006 15.202 | — 2.314 14.879 5.073 15.121 | — 3.727 
19.817 |; 5.781 20.183 | — 2.547 19.890 | 5.770 20.110 | — 4.178 
24.843 6.290 25.157 | — 2.710 24.906 6.300 25.094 | — 4.510 
29.872 6.702 30.128 | — 2.814 29.923 6.687 | 30.077 | — 4.748 
34.903 6.983 35.097 | — 2.863 34.942 6.942 35.058 | — 4.882 
39.936 | 7.138 40.064 | — 2.854 39.961 7.068 40.039 | — 4.926 
44.968 7.153 45.032 | — 2.773 44.981 7.044 , 45.019 | — 4.854 
50.000 7.018 50.000 | — 2.606 50.000 6.860 > 50.000 | — 4.654 
55.029 6.720 54.971 | — 2.340 55.017 6.507 § 54.983 | — 4.317 
60.053 | 6.288 59.947 | — 2.004 60.032 6.014 | 59.968 | — 3.872 
65.073 | 5.741 64.927 | — 1.621 65.043 5.411 64.957 | — 3.351 
70.085 5.099 69.915 | — 1.211 70.050 | 4.715 69.950 | — 2.771 
75.090 | 4.372 74.910 | — 0.792 75.053 | 3.954 | 74.947 | — 2.164 
80.088 | 3.577 79.912 | — 0.393 80.052 3.140 . 79.948 | — 1.548 
85.076 | 2.729 84.924 | — 0.037 85.045 2.302 84.955 | — 0.956 
90.057 1.842 89.943 0.226 90.033 | 1.463 . 89.967 | — 0.429 
95.029 | 0.937 | 94.971} 0.327 95.017 0.672 | 94.983 | — 0.040 
100.000 | 0 100.000 0 100.000 ) | 100.000 0 
L.E. radius: 0.687 L.E. radius: 1.000 





Slope of radius through L.E.: 0.168 Slope of radius through L.E.: 0.084 


nm 


a 4: 


—_ t. 


APPENDIX III 435 


NACA 65,-212 
a = 0.6 
(Stations and ordinates given in 
per cent of airfoil chord) 














Upper surface Lower surface 








Station | Ordinate | Station Ordinate 




















0 o0 | oO 0 

0.399 | 0.982 0.601 | — 0.852 
0.638 | 1.194 0.862 | — 1.012 
1.124 | 1.520 1.376 | — 1.242 
2.356} 2.113 2.644 | — 1.625 
4.837) 3.017 5.163 | — 2.185 
7.329 | 3.728 7.671 | — 2.606 


9.827 4.330 10.173 | — 2.956 
14.833 §.298 15.167 | — 3.500 
19.848 6.042 20.152 | — 3.904 


24.869 6.611 25.131 | — 4.197 
29.894 7.029 30.106 | — 4.401 
34.921 7.304 35.079 | — 4.518 
39.951 7.444 40.049 | — 4.550 
44.983 7.423 45.017 | — 4.475 


50.017 7.231 49.983 | — 4.283 
55.051 6.856 54.949 | — 3.968 
60.094 6.318 59.906 | — 3.566 
65.123 5.634 64.877 | — 3.124 
70.124 | “4.842 69.876 | — 2.640 


75.112 3.983 74.888 | — 2.131 
80.090 3.082 79.910 | — 1.604 
85.064 2.173 84.936 | — 1.085 















90.036 | 1.297 | 89.964 | — 0.595 
95.013 | 0.521 | 94.987 | — 0.191 
100.000 | 0 | 100.000 | 0 


L.E. radius: 1.000 


Slope of radius through 1.16. 0.110 





NACA 65,-412 


(Stations and ordinates given in 
per cent of airfoil chord) 












Upper surface Lower surface 


Station | Ordinate | Station | Ordinate 
























0 0 0 

0.347 1.010 0.653 
0.580 1.236 0.920 
1.059 1.588 1.441 
2.283 2.234 2.717 












4.757 ; 3.227 5.243 
7.247 | 4.010 7.753 
9.746 | 4.672 10.254 
14.757 | 5.741 15.243 
19.781 6.562 20.219 



















24.811 | 7.198 25.189 
29.846 , 7.658 30.154 
34.884) 7.971 35.116 
39.923,, 8.139 40.077 
44.962 | 8.139 45.038 
50.000 | 7.963 50.000 
55.035 | 7.602 54.965 
60.064 7.085 59.936 


64.914 
69.899 


74.893 
79.897 
84.910 
89.934 
94.967 


100.000 


ee rm 


L.E. radius: 1.000 
Slope of radius through L.E.: 0.168 


65.086 6.440 


1 


70.101 : 5.686 


75.107 4.847 
80.103 3.935 
85.090 2.974 
90.066 1.979 
95.033 , 0.986 


100.000 0 
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THEORY OF 


NACA 65,-215 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


Station | Ordinate | Station 


0 

0.406 
0.645 
1.132 
2.365 


4.848 
7.342 
9.841 
14.848 
19.863 


24.882 
29.904 
34.927 
39.952 
44.976 


50.000 
55.021 
60.039 
65.053 
70.062 


75.065 
80.063 
85.055 
90.040 
95.020 


100.000 





0 

1.170 
1.422 
1.805 
2.506 


3.007 
4.380 
5.069 
6.175 
7.018 


7.658 
8.123 
8.426 
8.569 
8.522 


8.271 
7.815 
7.189 
6.433 
5.572 


4.638 
3.653 
2.649 
1.660 
0.744 


0 


Lower surface 


0 

0.594 
0.855 
1.368 
2.635 


5.152 
7.658 
10.159 
15.152 
20.137 


25.118 
30.096 
30.073 
40.048 
45.024 


50.000 
54.979 
59.961 
64.947 
69.938 


74.935 
19.937 
84.945 
89.960 
94.980 


100.000 


L.E. radius: 1.505 
Slope of radius through L.E.: 0.084 


Ordinate 


0 
— 1.070 
— 1.282 
— 1.591 
— 2.134 


— 2.925 
— 3.532 
— 4.035 
— 4.829 
— 5.426 


— 3.868 
— 6.179 
— 6.366 
— 6.427 
— 6.332 


— 6.065 
— 5.625 
— §.047 
— 4.373 
— 3.628 


— 2.848 
— 2.061 
— 1.303 
— 0.626 
— 0.112 


0 


WING SECTIONS 


NACA 68,-415 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


0 

0.313 
0.542 
1.016 
2.231 


4.697 
7.184 
9.682 
14.697 
19.726 


24.764 
29.807 
34.854 
39.903 
44,953 


50.000 
55.043 
60.079 
65.106 
70.124 


75.131 
80.126 
89.109 
90.080 
95.040 


100.000 
L.E. radius: 1.505 


0 

1.208 
1.480 
1.900 
2.680 


3.863 
4.794 
5.578 
6.842 
7.809 


8.990 
9.093 
9.455 
9.639 
9.617 


9.374 
8.910 
8.260 
7.462 
6.542 


5.532 
4,447 
3.320 
2.175 
1.058 


0 


Lower surface 


Station | Ordinate | Station 


0 

0.687 
0.958 
1.484 
2.769 


5.303 
7.816 
10.318 
15.303 
20.274 


25.236 
30.193 
30.146 
40.097 
45.047 


50.000 
54.957 
59.921 
64.894 
69.876 


74.869 
79.874 
84.891 
89.920 
94.960 


100.000 


Ordinate 


0 
— 1.008 
— 1.200 
— 1.472 
— 1.986 


— 2.599 
— 3.098 
— 3.510 
— 4.150 
— 4.625 


— 4.970 
— 5.205 
— 5.335 
— 5.355 
— 5.237 


— 4,962 
— 4.530 
— 3.976 
— 3.342 
— 2.654 


— 1.952 
— 1.263 
— 0.628 
— 0.107 

0.206 


0 


Slope of radius through L.E.: 0.168 





~ AEP, at? * - nee 


APPENDIX III 437 


NACA 65,-415 
a = 0.5 
(Stations and ordinates given in 
per cent of airfoil chord) 









Upper surface Lower surface 



















Station | Ordinate | Station | Ordinate 


0 0 . 0 0 
0.245 1.233 0.755 | — 0.957 | 
0.464 1.520 1.036 | — 1.1382 
0.927 1.965 
2.126 2.812 2.874 | — 1.776 


4.574 4.099 5.426 | — 2.335 
7.054 5.122 7.946 | — 2.746 
9.549 5.985 10.451 | — 3.081 
14.568 7.383 15.432 | — 3.591 
19.611 8.459 20.389 | — 3.963 


24.671 9.280 25.329 | — 4.232 
29.743 9.883 30.257 | — 4.411 
34.825 | 10.280 35.175 | — 4.508 
39.916 ; 10.470 40.084 | — 4.526 
45.019 10.423 44.981 | — 4.431 
| 
es 































50.152 | 10.106 49.848 | — 4.226 
55.262 9.501 54.738 | — 3.929 
60.307 8.672 59.693 | — 3.548 
65.314 7.684 64.686 | — 3.104 


70.294 6. O73 69.706 | — 2.609 
75.253 5. 387 74.747 | — 2.083 
80.199 | 4.157 79.801 , — 1.545 
85.137 2.930 84.863 | — 1.014 
90.077 1.755 89,923 | — 0.527 
95.027 0.715 94.973 | — 0.139 
we: 000 0 100.000 0 


I... radius: 1.505 
Slope of radius through L.B.: 0.233 


1.573 | — 1.377 | 


NACA 65;-218 


(Stations and ordinates given in 
per cent of airfoil chord). 





Upper surface Lower surface 





Station | Ordinate | Station | Ordinate 


















0 0 0 0 
0.388} 1.382 | 0.612 | — 1.282 
0.625} 1.673 | 0.875 | — 1.533 
1.110| 2.116 | 1.390 | — 1.902 
2.340 | 2.932 | 2.660 | — 2.560 


4.819 | 4.178 5.181 | — 3.546 
7.311 | 5.153 7.689 | — 4.305 
9.809, 5.971 | 10.191 | — 4.937 

14.818 | 7.276 | 15.182 | — 5.930 

19.835 | 8.270 | 20.165 | — 6.676 


24.858 | 9.023 | 25.142 | — 7.233 
29.884 | 9.566 | 30.116 | — 7.622 
34.912 | 9.916 | 35.088 | — 7.856 
39.942 | 10.070 | 40.058 | — 7.928 
44.972 | 9.996 | 45.028 | — 7.806 


50.000 | 9.671 | 50.000 | — 7.465 
55.026 | 9.103 | 54.974 | — 6.913 
60.047 | 8.338 | 59.953 | — 6.196 
65.063 | 7.425 | 64.937, — 5.365 
70.073 | 6.398 | 69.927 | — 4.454 


75.077 | §.290 | 74.923 | — 3.500 
30.074 | 4.133 | 79.926 — 2.541 
85.063 | 2.967 | 84.937 | — 1.621 
90.046 | 1.835 | 89.954 | — 0.801 
95.023 | 0.805 | 94.977 | — 0.173 


Suk 000 0 100.000, 90 




































































L. E. a 1.96 
Slope of radius through L.E.: 0.084 


438 THLORY OF 


NACA 653-418 


(Stations and ordinates given in 
per cent of airfoil chord) 






Upper surface Lower surface 









Station Ordinate “Seal: Ordinate 





0 () 


. 1.418 0.722 — 1.218 
0.503 1.729 0.997 — 1.449 
0.973 1.627 — 1.751 

3.104 2.819 — 2.360 

















| 
| 
: 
2.209 





















4.481 5.361  — 3.217 
7.123 5.566 7.877 — 3.870 
9.619, 6478 § 10.3881 — 4.410 
14.686 | 7.942 | 15.364 | — 5.250 
19.671 | 9.061 | 20.829 | — 5.877 
24.716 9.914 | 25.284  — 6.334 
29.768 | 10.536 | 30.232 | — 6.648 
34.825 10.944 | 35.175 _ — 6.824 
39.884 | 11.140 | 40.116 — 6.856 
44.943 | 11.091 ) 45.057 — 6.711 
50.000 | 10.774 50.000 ; — 6.362 
55.051 | 10.198 | 54.949 ' — 5.818 
60.094 9.408 | 59.906 — 5.124 
65.126 8.454 | 64.874 | — 4.334 
70.146 | 7.368 | 69.854. — 3.480 
75.154 6.183 | 74.846 | — 2.603 
80.147 | 4.927 79.853 | — 1.743 
85.127 | 3.638 84.873 — 0.946 
90.092 | 2.350 89.908 — 0.282 
95.046 1.120 , 94.954 0.144 
100.000 100.000] 0 | 


» 100.000 | 0 


]..E. radius: 1.96 
Slope of radius through L.1.: 0.168 








hi I NG SECTIONS 


NACA 68;-418 


= ().5 


(Stations and ordinates given in 


per cent of airfoil chord) 


Upper surface 


Station 


() 


| 
| 
| 


0.197 | 
O.411— 


0.868 
2.057 


4.198 
6.966 
9.459 
14.481 
19.533 


24.604 
29.691 
31.789 | 


39.899 
45.022 


00.182 
00.313 
60.364 
65.372 
70.347 


75.298 
80.232 


85.159 
90.089 
95.030 | 


100.000 | 


L.E. radius: 1.96 
Slope of radius through L.1.: 


| 





| Ordinate | Station 


0 
1.440 
|.766 
2.2/1 
3.2303 
4.715 
5.891 
6.882 
8.482 
9.709 
10.6-48 


11.325 


11.770 
11.970 
11.897 


11.506 
10.788 


9.820 
8.674 
7.397 


6.038 
4.636 
3.247 
1.930 
0.777 


0 


Lower surface 


Ordinate 

0 § 0 
0.803 , — 1.164 
1.089 | — 1.378 
1.632 1.683 
2.943 | — 2.197 
5.507 | — 2.951 
8.034  — 3.515 
10.541 | — 3.978 
15.519 | — 4.690 
| 20.467. — 5.218 
25.396 — 5.595 
30.309  — 5.853 
35.211  — 5.998 
40.101 | — 6.026 
44.978 , — 5.905 
49.818 | — 5.626 
54.687 | — 5.216 
59.636 | — 4.696 
64.628 | — 4.094 
69.653 | — 3.433 
74.702 | — 2.734 
79.768 | — 2.024 
84.841 — 1.331 
89.911 | — 0.702 
94.970 — 0.201 

| 100. 000 0 

).233 












Station 


is 
0.172 | 
0.385 | 
0.839 | 
2.026 | 


4.462 
6.936 
9.431 
14.455 | 
19.506 © 


24.574 
29.652 
34.738 | 
39.826 | 
44.915 
50.000 
55.077 
60. 1-41 | 
65.189 | 
70.219 


75.230 
80).220 
85.189 
90.138 
95.068 - 


100.000 











meetin ean al a a a at 


NACA 65;-618 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


0 
1.446 


1.776 


2.293 
3.268 


4.776 
5.971 
6.978 
8.602 
9.848 


10.803 
11.504 
11.972 
12.210 
12.186 


11.877 

11.298 

10).-£79 
9.482 
8.338 
7.075 
5.719 
4.306 
2.863 
1.433 
Q 


LL... radius: 1.96 
Slope of radius through L.E.: 0.253 


Lower surface 


Ordinate | Station 





0 

0.828 
1,115 
1.661 
2.974 


5.538 
8.064 
10.569 
15.545 
20.494 


25.426 
30.348 


30.262 
40.174 
45.085 


80.000 
04.923 
09.859 
64.811 
69.781 


74.770 
79.780 
84.811 
89.862 
94.932 


100.000 








APPENDIX III 





Ordinate 








0 
— 1.146 
— 1.356 
1.651 
2.152 


— 2.880 
— 3.427 
— 3.876 
— 4.564 
— 5.072 


— 5.433 
— §.672 
— 8.792 
— 5.784 
— 5.616 


— 9.259 
— 4.723 
— 4.053 
— 3.302 
— 2.506 


— 1.705 
— 0.943 
— 0.268 
0.239 
0.463 


0 







































NACA 65;-618 
a= 0.5 


439 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 





Station | Ordinate} Station 





0 0 0 
0.059 | 1.469 0.941 
0.256 | 1.821 1.244 
0.689 | 2.375 1.811 
1.846 | 3.449 3.154 
4.248 | 6.115 5.752 
6.706 | 6.448 8.294 
9.194 7.575 | 10.806 
14.225 | 9.404 | 15.775 
19.301 | 10.815 | 20.699 
24.407 | 11.893 | 25.593 
29.537 | 12.687 | 30.463 
34.684 13.209 | 35.316 
39.849 | 13.456 | 40.151 
45.034 | 13.395 | 44.966 
50.273 | 12.974 | 49.727 
55.468 | 12.173 | 54.532 
60.546 | 11.090 59.454 
65.557 | 9.806 . 64.443 
70.519 | 8.374 | 69.481 
75.445) 6.851 | 74.555 
80.347 | 5.279 79.653 
85.239 3.720 | 84.761 
90.133 | 2.233 | 89.867 
95.046 | 0.920 | 94.954 

100.000 |; 0 100.000 


L.E. radius: 1.96 


Ordinate 


Lower surface 





0 
— 1.055 
— 1.239 
— 1.493 
— 1.895 


— 2.469 
— 2.884 
— 3.219 
— 3.716 
— 4.071 


— 4.321 
— 4.479 
— 4.551 
— 4.540 
— 4.407 


— 4.154 
— 3.815 
— 3.404 
— 2.936 
— 2.428 


— 1.895 
— 1.361 
— 0.846 
— 0.391 
— 0.055 


0 


Slope of radius through L.E.: 0.349 


440 


NACA 654-221 
(Stations and ordinates given in 
per cent of airfoil chord) 










Upper surface Lower surface 





Station Ordinate | Station | Ordinate 













0 0 0 0 

0.372 | 1.567 | 0.628 | — 1.467 
0.608 | 1.902 | 0.892 | — 1.762 
1.090! 2.402 | 1.410 | — 2.188 
23141 3.335 | 2.684 | — 2.963 

























4.791 4.783 5.209 | — 4.151 
7.280 9.918 7.720 | — 5.070 
9.778 6.865 10.222 | — 5.831 
14.787 8.370 15.213 | — 7.024 
19.808 9.514 20.192 | — 7.922 





















24.834 | 10.381 25.166 | — 8.591 
29.865 | 11.007 30.135 | — 9.068 
34.898 | 11.104 30.102 | — 9.344 
39.932 | 11.570 40.068 | — 9.428 
44.967 | 11.461 45.033 | — 9.271 





















50.000 } 11.055 | 50.000 | — 8.849 
55.030 | 10.372 | 54.970 | — 8.182 
60.054 | 9.461 | 59.946 | — 7.319 
65.072 | 8.390 | 64.928 | — 6.330 
70.084 | 7.195 | 69.916 | — 5.251 






















75.088 5.918 74.912 | — 4.128 
80.084 4.595 79.916 | — 3.008 
85.072 3.240 84.928 | — 1.924 
90.052 2.000 89.948 | — 0.966 
95.026 0.861 94.974 | — 0.229 







0 100.000 0 





100.000 






L.E. radius: 2.50 
Slope of radius through L.E.: 0.084 


THEORY OF WING SECTIONS 


NACA 654-421 


(Stations and ordinates given in 
per cent of airfoil chord) 















Upper surface Lower surface 


Station “Grants Station © Ordinate 


0 0 0 | Oo 





0.247! 1.601 0.753 | — 1.401 
0.468 | 1.956 1.032 | — 1.676 
0.933 | 2.493 1.567 | — 2.065 
2.135 3.505 | 2.865 | — 2.761 









4.582 0.085 5.417 | — 3.821 
7.062 6.329 7.9388 | — 4.6338 
9.557 1.371 10.443 | — 5.3038 
14.575 9.034 15.425 | — 6.342 
19.616 | 10.304 21.384 | — 7.120 














24.668 | 11.271 | 25.332 | — 7.691 
99.729 | 11.976 | 30.271 | — §.088 
34.796 | 12.433 | 35.204 | — 8.313 
39.865 | 12.640 | 40.135 | — 8.356 


44.9384 | 12.556 45.066 | — 8.176 




















50.000 | 12.158 50.000 | — 7.746 
55.059 | 11.467 54.941 | — 7.087 
60.108 | 10.531 59.892 | — 6.247 
65.145 9.419 64.855 | — 5.299 


70.168 8.166 69.832 | — 4.278 











75.176 6.811 74.824 | — 3.231 
80.167 5.388 79.833 | — 2.204 
85.143 3.940 84.857 | — 1.248 
90.104 2.014 89.896 | — 0.446 


95.051 
100.000 


1.176 94.949 0.088 
0 100.000 0 




















L.E. radius: 2.50 
Slope of radius through L.E.: 0.168 


NACA 65,-421 
a = 0.5 
(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


APPENDIX III 


Lower surface 


NACA 66-206 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


441 


Lower surface 





ee Station | Ordinate | Station | Ordinate 
Station | Ordinate | Station | Ordinate —————  ———— 
a SS oo 0 0 0 0 
0 0 | 0 0 0.461 0.509 0.539 | — 0.409 
0.155 1.620 0.845 | — 1.344 0.707 0.622 0.793 | — 0.482 
0.363 1.991 1.137 | — 1.603 1.202 0.798 1.298 | — 0.584 
0.813 2.553 1.687 | — 1.965 2.447 1.102 2.553 | — 0.730 
1.992 3.631 3.008 | — 2.595 4.94] 1.572 5.059 | — 0.940 
4.414 §.315 5.586 | — 3.551 7.439 1.947 7.561 | — 1.099 
6.880 6.651 8.120 | — 4.275 9.939 2.268 10.061 | — 1.234 
9.371 7.003 10.629 | — 4.869 14.942 2.791 15.058 | — 1.445 
14.395 9.572 15.605 | — 5.780 19.947 3.196 20.053 | — 1.604 
19.455 | 10.951 20.545 | — 6.455 94.954 3 B13 25.046 | — 1.723 
24.538 ; 12.000 25.462 | — 6.952 29.962 3.754 30.038 | — 1.810 
29.639 | 12.765 30.361 | — 7.293 34.971 3.929 35.029 | — 1.869 
34.754 | 13.258 35.246 | — 7.486 39.981 4.042 490.019 | — 1.900 
39.882 | 13.470 40.118 | — 7.526 44.990 4.095 45.010 | — 1.905 
45.026 | 13.362 44.974 | — 7.370 50.000 4.088 50.000 | — 1.882 
60.211 12.890 49.789 | — 7.010 55.009 4,020 54.991 | — 1.830 
55.362 | 12.056 54.638 | — 6.484 60.018 3.886 59.982 | — 1.744 
60.421 10.942 59.579 | — 5.818 65.026 3.641 64.974 | — 1.581 
65.428 9.637 64.572 | — 5.057 70.031 3.288 69.969 | — 1.344 
70.398 8.193 69.602 | — 4.229 75.034 2.848 74.966 | — 1.058 
75.3-40 6.664 74.660 | — 3.360 80.034 2.339 79.966 | — 0.747 
80.264 5.097 79.736 | — 2.485 85.031 1.780 84.969 | — 0.434 
85.181 | 3.990 84.819 | — 1.634 90.023 1.182 89.977 | — 0.148 
90.100 ; 2.095 89.900 | — 0.867 95.012 0.578 94.988 0.054 
95.034 0.833 94.966 | — 0.257 100.000 0 100.000 0 
100.000 0 100.000 0 





L.E. radius: 0.223 
L.E. radius: 2.50 Slope of radius through L.E.: 0.084 


Slope of radius through L.E.: 0.233 





442 


THEORY OF WING SECTIONS 


NACA 66-209 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


Station | Ordinate | Station | Ordinate 


0 

0.442 
0.686 
1.179 
2.420 


4,912 
7.409 
9.908 
14.912 
19.921 


24.931 
29.944 
34.957 
39.971 
44.986 


50.000 
55.014 
60.027 


65.038 


70.046 


75.050 
80.050 
85.044 
90.034 
95.018 


100.000 


L.E. radius: 0.530 


0 

0.735 
0.892 
1.135 
1.552 


2.194 
2.705 
3.141 
3.850 
4.396 


4.821 
5.145 
5.378 
5.528 
5.594 


5.578 
5.476 
5.275 
4.912 
4.400 


3.772 
3.058 
2.283 
1.477 
0.690 


0 


Lower surface 


0 

0.558 
0.814 
1.321 
2.580 


5.088 
7.091 
10.092 
15.088 
20.079 


25.069 
30.056 
35.043 
40.029 
45.014 


50.000 
54.986 
59.973 
64.962 
69.954 


74.950 
79.950 
84.956 
89.965 
94.982 


100.000 


| 
! 
| 
| 
| 








Q 

(0.635 
0.752 
0.921 
1.180 


1.562 
1.857 
2.107 
2.504 
2.804 


3.031 
3.201 
3.318 
3.380 
3.404 


— 3.372 
— 3.286 
— 3.133 
— 2.852 


2.456 


1.982 
1.466 
0.937 


— 0.443 
— 0.058 


0 





Slope of radius through L.E.: 0.084 


NACA 66-210 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


Station 


0 

0.436 
0.679 
1.171 
2.412 


4.902 | 


7.399 
9.898 
14.908 
19.912 


24.924 
29.937 
34.952 
39.968 
44.984 


50.000 
55.016 
60.030 
65.042 
70.051 


75.056 
80.055 
85.049 
90.037 
95.019 


100.000 
L.E. radius: 0.662 


0 

0.806 
0.980 
1.245 
1.699 


2.401 
2.958 
3.432 
4.202 
4.796 


5.207 
5.608 
5.862 
6.024 
6.095 


6.074 
5.960 
5.736 
5.332 
4.759 


4.071 
3.289 
2.445 
1.570 
0.724 


0 


| 
| 





Lower surface 





' Ordinate | Station | Ordinate 


0 0 
0.564 | — 0.706 
0.821 | — 0.840 
1.329 | — 1.031 
2.588 | — 1.327 
5.098 | — 1.769 
7.601 | — 2.110 

10.102 | — 2.389 
15.097 | — 2.856 
20.088 | — 3.204 
25.076 — 3.467 
30.063 | — 3.664 
35.048 | — 3.802 
40.032 | — 3.882 
45.016 | — 3.905 
50.000 | — 3.868 
54.984 | — 3.770 
59.970 | — 3.594 
64.958 | — 3.272 
69.949 | — 2.815 
74.944 | — 2.281 
79.945 | — 1.697 
84.951 | — 1.099 
89.963 | — 0.536 
94.981 | — 0.092 
100.000 0 





Slope of radius through L.E.: 0.084 


5 a a 
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NACA 66;-212 NACA 66,-215 
(Stations and ordinates given in (Stations and ordinates given in 
per cent of airfoil chord) per cent of airfoil chord) 

Upper surface Lower surface Upper surface Lower surface 
Station | Ordinate | Station | Ordinate Station | Ordinate | Station | Ordinate 

0 0 0 0 0 0 0 0 

0.424 0.953 | 0.576 | — 0.853 0.406 1.168 0.594 | — 1.068 

0.666 1.154 0.834 | — 1.014 0.646 1.409 0.854 | — 1.269 

1.156 1.462 1.3844 | — 1.248 1.134 1.778 1.366 | — 1.564 

2.395 1.991 2.605 | — 1.619 2.370 2.417 2.630 | — 2.045 

4.883 2.809 5.117 | — 2.177 4.855 3.413 5.145 | — 2.781 

7.379 3.459 7.621 | — 2.611 7.349 4.202 7.651 | — 3.354 

9.878 4.011 10.122 | — 2.977 9.848 4.872 10.152 | — 3.838 
14.883 4.905 15.117 | — 3.559 14.854 5.957 15.146 | — 4.611 
19.894 5.596 20.106 | — 4.004 19.868 ! 6.790 20.1382 | — 5.198 
24.908 6.132 25.092 | — 4.342 24.886 7.437 25.114 | — 5.647 
29.925 6.539 30.075 | — 4.595 29.906 7.927 30.094 | — 5.983 
34.943 | 6.833 35.057 | — 4.773 34.929 8.280 35.071 | — 6.220 
39.962 | 7.Q18 40.038 | — 4.876 39.952 8.501 40.048 | — 6.3859 
44.981 7.095 45.019 | — 4.905 44.976 8.590 45.024 | — 6.400 
50.000 7.068 50.000 | — 4.862 50.000 8.553 50.000 | — 6.347 
55.019 6.931 54.981 | — 4.741 55.023 8.378 54.977 | — 6.188 
60.036. | 6.659 59.964 | — 4.517 60.045 8.030 59.955 | — 5.888 
65.051 | 6.169 64.949 | — 4.109 65.063 7.402 64.937 | — 5.342 
70.061 | 5.487 69.939 | — 3.543 70.075 | 6.547 69.925 | — 4.603 
75.066 | 4.661 74.93-4 | — 2.871 75.081 | 5.526 74.919 | — 3.736 
80.065 ; 3.739 79.935 | ~ 2.147 80.079 | 4.393 79.921 | — 2.801 
85.057 ! 2.755 84.943 | — 1.409 85.070 3.202 84.930 | — 1.856 
90.043 ' 1.750 89.957 | — 0.716 90.052 2.005 89.948 | — 0.971 
95.022 | 0.789 | 94.978 | — 0.157 95.026 0.881 94.974 | — 0.249 
100.000 | 0 100.000 | 0 100.000 | 0 100.000 | 0 

L. ES. radius: 0.952 L.E. radius: 1.4385 


Slope of radius through L.Jé.: 0.084 Slope of radius through L.E.: 0.084 





thas Seen ented ante pl Rh ig 


444 


per cent of airfoil chord) 





THEORY OF WING SECTIONS 


NACA 66-415 
(Stations and ordinates given in 


Upper surface 


0 

0.314 
0.544 
1.019 
2.241 


4.711 
7.199 
9.696 
14.709 
19.736 


24.771 
29.812 
34.857 
39.904 
44.952 


50.000 
55.046 
60.090 
65.126 
70.150 


75.162 
80.159 
85.139 
90.104 
95.053 


100.000 


L.E. radius: 1.485 
Slope of radius through L.L.: 0.168 


0 

1.206 
1.467 
1.873 
2.092 


3.718 
4.617 
5.381 
6.624 
7.581 


8.329 
8.897 
9.309 
9.571 
9.685 


9.656 
9.473 
9.100 
8.431 
7.518 


6.419 
5.187 
3.872 
2.519 
1.196 


0 


Lower surface 


Station | Ordinate | Station 


0 

0.686 
0.956 
1.481 
2.799 


5.289 
7.801 
10.304 
15.291 
20.264 


20.229 
30.188 
30.143 
4().096 
45.048 


90.000 
04.954 
59.910 
64.874 


- 69.850 


14.838 
79.841 
84.861 
89.896 
94.947 


100.000 


Ordinate 


0 


— 1.006 
— 1.187 


1.445 
1.848 
2.454 
2.921 


— 3.313 
— 3.932 
— 4.397 


— 4.749 
— 5.009 
— 5.189 
— 5.287 
— 5.305 


— 5.244 
— 5.093 
— 4,816 
— 4.311 
— 3.630 


— 2.839 
— 2.003 
— 1.180 
— 0.451 


0.068 
0 





NACA 663-218 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


0 

0.389 
0.628 
1.115 
2.346 


4.827 
7.320 
9.818 
14.825 
19.841 


24.863 
29.887 
3+.914 
39.9-42 
44.971 


50.000 
20.028 
60.054 
65.075 
70.089 


75.095 
80.093 
85.081 
90.060 
95.030 


100.000 


L.E. radius: 1.955 
Slope of radius through L.E.: 0.084 


0 

1.368 
1.636 
2.054 
2.828 


4,002 
4.933 
0.724 
7.004 
7.982 


8.742 
9.31% 
9.731 
9.989 
10.093 


10.045 
9.828 


9.394 


8.610 
7.968 


6.345 
9.001 
3.606 
2.230 
0.961 


0 


Lower surface 


Station | Ordinate | Station 


0 

0.611 
0.872 
1.385 
2.654 


5.173 
7.680 
10.182 
15.175 
20.159 


25.137 
30.113 
39.086 
40.058 
45.029 


50.000 
04.972 
59.946 
64.925 
69.911 


74.905 
79.907 
84.919 
89.940 
94.970 


100.000 


Ordinate 


0 
— 1.268 
— 1.496 
— 1.840 
— 2.456 


— 3.370 
— 4.085 
— 4.690 
— 5.658 
— 6.390 


— 6.952 
— 1.373 
— 7.671 
— 7.847 
— 7.908 


— 7.839 
— 7.638 
— 7.252 
— 6.550 
— 5.624 


— 4,555 
— 3.409 
— 2,260 
ot A LOG 
— 0.329 


0 
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NACA 66;-418 


(Stations and ordinates given in 
per cent of airfoil chord) 


NACA 66,-221 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface Lower surface Upper surface Lower surface 


Station | Ordinate | Station | Ordinate 


Station }| Ordinate} Station | Ordinate 


) 0 0 0 0 0 
0.280 1.405 0.720 | — 1.205 0.372 0.628 
0.509 1.692 0.991 | — 1.412 0.610 0.890 
0.981 2.147 1.519 | — 1.719 1.095 1.405 
2.194 3.000 2.806 | — 2.256 2.323 2.677 
4.656 4.306 5.344 | — 3.042 4.800 5.200 
7.140 5.347 7.860 | — 3.651 7.291 7.709 
9.636 6.231 10.364 | — 4.163 9.788 10.212 
14.651 7.669 15.349 | — 4.977 14.797 15.203 
19.683 8.773 20.317 | — 5.589 19.815 20.185 
24.726 9.633 25.274 | — 6.053 24.840 25.160 
29.775 | 10.287 30.225 | — 6.399 29.869 30.131 
34.829 | 10.759 35.171 | — 6.639 34.900 35.100 
39.885 | 11.059 40.115 | — 6.775 39.933 40.067 
44.943 | 11.188 45.057 | — 6.808 44.967 45.033 
50.000 | 11.148 50.000 | — 6.736 50.000 50.000 
55.056 | 10.923 54.944 | — 6.548 55.032 54.968 
60.107 | 10.464 59.893 | — 6.180 60.063 59.937 
65.149 9.639 64.851 | — 5.519 65.087 64.913 
70.178 8.539 69.822 | — 4.651 70.103 69.897 
75.191 7.238 74.809 | — 3.658 75.109 74.891 
80.185 5.794 79.815 | — 2.610 80.106 79.894 
85.162 | 4.276 84.838 | — 1.584 85.092 84.908 
9().120 2.744 89.880 | — 0.676 90.067 89.933 
95.060 1.275 94.940 | — 0.011 95.034 94.966 
100.000 0 100.000 0 100.000 100.000 





L.Fe. radius: 1.955 
Slope of radius through L.E.: 0.168 


L.E. radius: 2.550 
Slope of radius through L.E.: 0.084 





446 


Station | Ordinate | Station 


THEORY OF WING SECTIONS 


NACA 67,1-215 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


0 

0.402 
0.642 
1,128 
2.361 


4,848 
7.344 
9.845 
14.854 
19.869 


24.887 
29.908 
34.930 
39.953 
44.976 


50.000 
55.024 
60.047 
65.068 
70.086 


75.098 
80.100 
85.092 
90.071 
95.037 


100.000 


we cn Ni NES Ni ee Lt Pt 


L.E. radius: 1.523 


Lower surface 


0 

0.598 
0.858 
1.372 
2.639 


9.152 
7.656 
10.155 
15.146 
20.131 


29.113 
30.092 
35.070 
40.047 
45.024 


50.000 


54.976 
99.953 
64.932 
69.914 


74,902 
79.900 
84.908 


89.929 | 


| Ordinate 


— 


0 

1.113 
1.320 
1.653 
2.205 


2.925 
3.473 
3.913 
4.608 
9.143 


5.098 
5.881 
6.125 
6,288 
6.380 


6.394 
6.326 
6.160 
0.879 
5.429 


4.725 
3.443 
2.653 
1.503 


94.963 — 0.471 


100.000 


0 


Slope of radius through L.E.: 0.084 





oe: 


0 

0.229 
().449 
0.911 
2.109 


4.564 
7.053 
9.558 
14.599 
19.668 


24.798 | 


29.867 
30.001 
4().200 
45.375 


00.447 
90.463 
60.435 
65.366 
70.241 


75.130 
80.073 
85.038 
90.016 
95.004 


100.000 


L.E. radius: 1.544 


Station | Ordinate | Station 


NACA 747A315 
(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


0 

1.305 
1.599 
2.065 
2.935 
4.264 
0.286 
6.140 
7.497 
8.503 


9,242 
9.731 
9.982 
9,962 
9.572 


8.964 
8.206 
7.324 
6.365 
0.304 
4.336 
3.290 
2.2070 
1.289 
0.481 


0 


Lower surface 


0 

0.771 
1.051 
1.589 
2.891 


9.436 
7.947 
10.442 
15.401 
20.332 


25.242 
30.133 
34.999 
39.800 
44.625 
49.553 
54.537 
59.565 
64.634 
69.759 
74.870 
79.927 
84.962 
89.984 
94.996 


Ordinate 


0 

1.031 
1.207 
1.473 
1.927 


2.518 
2.952 
3.3()4 
3.843 
4.247 


4.5416 
4.773 
4.926 
0.020 
0.040 


o.01-4 


4.930 


— 


— 


100.000} 0 


4.772 
4.509 
4.110 


3.002 
2.743 
1.915 
1.097 
0.405 


Slope of radius through L.E.: 0.232 





APPENDIX III 


NACA 747A415 


(Stations and ordinates given in 
per cent of airfoil chord) 


Upper surface 


0 

0.183 
0.398 
0.852 
2.041 


4.487 
6.972 


9.476 | 


14.521 
19.598 


24.698 
29.818 
34.964 
40.176 
45.364 


50.447 
90.474 
60.454 
65.393 


10.273 © 


75.164 | 
80.107 | 


85.066 
90.037 
95.015 


100.000 


L.F. radius: 1.544 
Slope of radius through L.E.: 0.274 


0 

1.318 
1.622 
2.106 
3.016 


4.411 
5.488 
6.390 
7.827 
8.897 


9.687 
10.216 
10.497 
10.499 
10.121 


9.516 
8.753 
7.859 
6.878 
0.838 


4.783 
3.692 
2.092 
1.546 
0.639 


0 


Lower surface 


Station | Ordinate} Station | Ordinate 


0 

0.817 
1.102 
1.648 
2.959 


5.913 
8.028 
10,524 
15.479 
20.402 


25.302 
30.182 
30.036 
39.824 
44.636 


49.553 
94.526 


09.946 © 


64.607 
69.727 


74.836 | 
79.893 


84.934 


89.963 | 


94.985 


100.000 


0 
— 0.994 
— 1.160 
— 1.406 
— 1.822 


— 2.349 
— 2.730 
— 3.038 
— 3.501 
— 3.845 


— 4,095 
— 4.286 
— 4.411 
— 4.485 
— 4.493 


— 4,462 
— 4.381 
— 4,235 
— 3.992 
— 3.622 


— 3.053 
— 2.344 
— 1.578 
— 0.838 
— 0.247 


0 





447 


a a aes sieueenaaleieve yal 


APPENDIX IV 
AERODYNAMIC CHARACTERISTICS OF WING SECTIONS 


| CONTENTS 
NACA Designation | Page 
QO0O06 .... 2... ee ee S. iekY Gh ay ar oe ee go Oe ok ae 
DOGO: oe oO ok enh. eh a a A ERE CA GS GL Bu Soe & Se ee ee et oe  - 
DOUC23 4 nk. ee he, Be a eh a ae ee Set Sc ee tee a ee ® 4 & & te VS 
O01035. &.o-o & 64 & eee Be eae BR BE oe ee Oe SG S- ce. S58 
0010-34 a = 0.8 (modified); = 0.2... ....2.2.~20~2022202.422. 2... 460 
OO: = as ee ee Se Ge Se Be a ee i as 
0012-64 0 0. 464 
0012-64 a = 0.8 (modified) ¢;, = 0.2 2. 0... 0.0. ..0202022~2.~02422. . . 466 
M08: weet ebewetaee4eeadnoe de ee venus ee £46.44 2:45.43 468 
IO 0. 470 
WA Ok nN Ae i a ee, a ae ee Se ee & bee ear eS tes 
AN et. in Ve ah ck ce ee Ge OR es Ee de he Dee, Bw te 
AN?” otras es ae ee le as GS, es ts ee OB te ee he we HO 
DAV 6. oe se ta ek, oe is 2 ce ee te ee es tes a Ge ca 
ON. 2 ce Se hk te ok. oe ee ek eee et ee SU 
PAT nt kk, le ten “a ee eG he sa. a a Oa et ee GS Be 
2421 bo chn ote is hs Ge Sa ee “we ks Se we Oh OF ee OE eee eC oe eo 
Dat bw ie. wi Eh Re Soe ee a Sa kt ae ee, oo es ee ee TRG 
MATOS ge ee ee ee Ee a Be a es Ws Ac Oa Soe Bn. ce te. > 
WAT: ho flee ho 3 Boe we de 2 Oe Ee ee ee. Ee ee &. oe we oe & ». “AO 
AA xe oe, ca WH. wen cic. ee et Ss es Ss a, ee a es ee ree ke 
AAO) 3. no ad Gt he. OR me ee ee Se el A are @ ache t 2 eee ae A 
AA ek & A me MS ee a a et ee Oe oe ee 
O9019 ne eee oS SS RE Rae EE Rw we oe ee aK wee & © 8498 
DAO. we. ee eck Me de i, se, Be er a OR a A ee ce oh ee Sree , (OOS 
DANES. 3-4 os ae ee i ee RE Dee Oe wee eee ee 202 
DOIN oe. ae os veh Ged. Ua Oh. ee Ee Sect BS. a ee ee a eG ees ee ve. “OE 
DONTE 20 ye ce cd ee OD eR KR A A ae Sw, WR Se Se eee HU OO 
GOOG a. ch ae, Ah es ae Se. ot a a ee Se a 8 a 2 tS 
BOuOO0. 6. be. ei tet a ss Se ee a ee ee oe eae ee eS ee LO 
BE9O0G. 2. o-oo. we DO eek oe ee ee ee OR SE Oe we ee ees Ol 
Ga5900re fc. o. &. a be eR oh Poe eS eo ee ee tee ee TO 
GeO ls os. tee ads oe Ae wos ok Pe es a ee Be ee Bee ct ce Ee SOE 
G34O1o. = o. c A oe OD ee eS ee a Ot ee es a  - 
Bar ols, ede oe eo a a es A Se, BS we. oe ee HOO 
Ges ce. ks He ts oh. ees Be oe Ete Gee et ete be cm oe wy, Sys Se Gk as Ge Boom, -o! BOS 
Geel Ss 6 ie mi Boke 2 oe SO Oe ee OS ESS eee ES ZF 
B32 lo do a eas Ge Ek a a a a el Ae Sore Se oe , ww OO 
Ssetloe. « kas Gk De we Eel Oe we ee we we ee HE kt we th 2028 
GS 015. a. a ae. a ge ee GR es Oe ee a es Se 
449 


450 THEORY OF WING SECTIONS 


NACA Designation Page 


BO-0185. 4 « bce ak ee ee Be eee Se we ED ee 
63-218. 2. 0 0 ee ee ee ee. 6884 
Gee ee. he a oe ee i oe Sh oe a he OS ek os Bs ee 
632618 & oe c G a & eek eed we dh SS whe we EO A eae ee ee Se IS 
63200. 2 ek SERS DAES Ee ee ee de Ee OO 
GO Me a a os es oe ens GN Ose ae es ss ee ee ee 
63240. a mew Ge oA EOE Be Ae ee ee ABR SEG: OEE 
GSA0I0 «.% & bo oe hee Cee eae OAR ewe wd ww TO 
B3A210 aco oop el Bl ke ee oe ORES Eee tO 
CAO G > se te ee. es en a ek A SS oe we OS es oe 
64-009. 2 0 we 852 
GIN08 2 sh Ow dt eee dk wand meee bee ee eee eee Ee Oe 
G£910:. = bee. Sa eee SR GER ee ee ee EE eS OOD 
64906 <b oo oe we he te a be Ek EE we Se bs OS 
64-208. 2 0 de ee ee. 560 
B4900) on eh ow we eh RO wed Be RS Bae 8 ee OO 
G42010... 2 een i ee ee ea Re he hes Bees Eee 
C4010. 3 ea ei ek wk ha DEG ae eee he BLE Oe OO 
GE119). ek ue oe eh RAR EOS SRE eS oe OD 
BAI oe Hn ch eS BL ee eee Eee eee 
GEFs ot on a Re, ee a Ee AEE OES 
O1-01Ss oe ob eke hed we SEO eee HS SS owe Ue 
GEOG 2 ok a ke ee ee hae eee eee BO 
CL5FG ue e-toc Oe Ree eee ee 
BA 201S.. 2.6) dk wk. oe oe eh ee Oe Ee oe 
GA29IS gw ec cw hb eee heehee Rhee eee SS OO 
BAAN oe oe ue) ky de es H- Kens Ge Sh A He hood he Go ee Be OS 
BL OGTR. ek a. ce oe ee oe oe Eas a Be Ss Ge OK A ES Se ee ORD 
BA 02s 3 o eid ok oe at BE ORE SS OSD DO 
GHOIVE he ak, eds & hd bh ch he SL A dn 2 Ee ee a we OPP 
FRAO. doe a ee ee ee eee ee a ee ee Oe 
61AOIO* = & we ook Bh acre RARER RSS eo ad 6 Oe 
IGAKU oo, & do ds Go Ak ee dad wale Ak eS wee GG BD 
GARAWO. «Gk eee ete Oe hee oe de eRe ee oe OS 
BAO! os wk we eee wh we a oe 600 
64,A215 ......2.. ye, ds Fa ck ae See eee i, ee 602 
BE O06... Gs ooh eek. Be Ke A BAG Ae es Re ee ce ae ee Sa Se Be ee 604 
BE MNO 4. -az, a” 3e. de ae se ck ee A Oe Ce SRS 606 
Be Gis cs. a ae Se ewe oe le Be Bok eek Owe eee SS 608 
65-209. bo ae eee A ee OS EE RS a ee eee 610 
B50: eon we oe ce es, ee Se ee ee 612 
Be Ose ee, Ute. ae ee as cet ee Oe Sn ee Oe anes 614 
B51 cn ok ae He Tu de Sk Se Sp Bn ac AS ns Ve Soe EA BE a: BS 616 
GOI a. ae te, he, es as ee Se ee a ce 618 
65.-212¢@ =06....... Sil Se a ee oe ee oe 620 
Be acta Sat as, Be du tke Se. Ste GL a se A 5 os in a Be Hate cas 2 Sk 622 
B01 S sue ce 8s: Ge: as Ae See ns ee a, Be ee a a a 624 
Bae 21 Gs. x cin de To gs eae SP RTA ce. HA ee ok ee a EE 626 
65-415. .......48. Be hats det Se ho ee ee ee ee as ee De ee 628 
65-4145a=0.5.... 0... 0 eee eae ag eae A a 630 


APPENDIX IV 


NACA Designation 


653-018. 

653-218. 

653-418. . on hee 

653-418 a = 0.5 . 

65;-618. . 2. . 2. . 

65;-618a = 0.5 . . 

65,-021. 

654-221. 

65,-421. . ee 

65,-421 a = 0.5 . 

66-006 . 

66-009 . 

66-206 . 

66-209 . . 

66-210 . 

66,-012. 

OOZI2.. . 6h ek 4 RR ER BOR Sw 
66-0152, 2 2.8.4.4 546 4464 5244 
OOse2 Pn oe ot oe ee a EO ee 
GOEL: sm 3 eB a a ee ed 
663-018. . 

663-218. 

663-418. 

66,-021. 

664-221... 

67,1-215 . . 

TATASIO . 

T47MA415 


3: Spleen nega Delorean a anipeesipianboronebiiataiitmamnaabice Otaienaisesciide!pibmiteilngsokcee heimeal kee ate 


, a | 


, ee ee | 


es i  @  @ @  @ @  @ e@# 


- 8 @ @ @ 8 #+@®  @#@ we # «6 


= @ @ @ @ @ £# @  « 


Se j%@ j(@ @ @  @ 8  @ @  «@ 


SB Mm 


eS @  @ B Beas 


oe S& j@@ @ @ msm 


e¢ @*@ @  @  @ 


SS @ @ j@ @ @ «@ 


6  @ 8 


s. @  @® @  @® #8 


45? 


7 
Cit A 
~. 


? 


f 
Np 


Moment coerficierit, c 
| 
q) 


A 
~~ 


x | 
Oo 


Section lift coefficient oc, 
ap 
ea 
Se 
ie 
eed estes es 
aa ee Vecih dee 
Aa See eee 
Ea 
lea 
wa 
a 
oe 
oi 
a 
Pa 
x 
ia 


THEORY OF WING SECTIONS 


eal : 
CEEE CECB EEE EEE EEE 


eae ee 

JSS 

-2g DOC 

JC “24 “/6 -8 0 CF IL 
Section angle of attach, ee a“ | 


NACA 0006 Wing Section 


APPENDIX IV 493 





ace ce 

OD ¥ J 6 8 wood Td TdT dT d Ed TdT dT 

ajc ae 

a Se Rol ele oe Pe icabe el 
ped Ae te eae re [ede ob hel 


Bie ee el oes Ae op ele ae ens 






3 

fee eee ier ice ack 
ge eae ieee eee ede ticieeb dla lees eal SMe ca, eee alan) 
5 - le SN ey Mee hee ee i leah ae dead 
Serer eee ar PE 
ee ere ard Pele ade a edie I 
§ CoCo PPT 
a Pec 
t Pe Sha We deeb pews O 2 eels | tae da 
S Lit] {iT / {|| cites 
e ede tele ae 
Seg ; ie 

ie ob fd i 7 60 Standard roughness iz 


a ecleaies Peles railed 
Seeded ene eta slr al eel 

Pose ieee lees lei eli ae 
ee ede ee etoile eres 


“16 “(2 -.B ~4 Oo _ Ff 8 Le 1.6 
Section lift coefficient, .¢, 


NACA 0006 Wing Section (Continued) 


r A cM 
Ww Ny ~ S 


Moment coefficient, Cy 


A 
«A 


Section lift coefficient, ¢, 


LHLOKY OF WING SECLTLONS 


36 
Cr 
CCCP eee ere td 
CECE EEE CECE EEE EEE ECE EEE 
eet 
oes i Ha a a 
CEE EAEEE 
CECE eee 

net 
2am 





CO at 


eee 
LECT 
tie ber ee 





eset EI 
wa et Me cee ese ok eet ede ee elec eles eae Me te we etferd 
- 32 -24 -/6 -8 O 8 16 24 IL 
Section angle of attack, &,, deg 


NACA 0009 Wing Section 


APPENDIX IV «ABS 


.036 





x/e ane aa 


SCT TAAL NCE REET et ar 
roe CNS SE ECC 
FEES eer 


a 
bene ' ‘ 
Pit ttt tt Pe aed 


An tr 
PE TT tT ET eee PTT ET) 
Pa S| 


Section drag coefficient, €; 
V 
a 
a 
Ey 
pee 
1 RY lead 
Sw estes! 
a 
ial 
eS 
Es 
= 
Lo 
a 
a 


Pe ee ge | el ek ee ede ff ek | 
3 Lan 7D) e Ci 
i CTT Hoel eee I ee ae 





Q 
eo te deleted. eG ase asl ele aie eds 
ee lee A ee eed ee Perel edith eels) 
Ble eae ed 2 OO BE a 
Se eee a ea eo eee in lok foe i 
eet iealas lee eo 
% aes Pa ee as oe 
og tf pe eae ee Meee gg 
© eo ee Pi Es sede he Te 
g Ebel lise s) ° 20) || | 250 es 
§ el ieee fe di 
ACO art 

Standard roughness 

aaa 


Pe | ele otis 
Nea eae el ae) Me oe ete eed elec pel leiden 
gee I EE ee alls Ps EE eee ieee lado 
-16 Le «8 34 0 4 8 Le L6 
Section lift coefficient, o 


NACA 0009 Wing Section (Continued) 


Moment coefficient, ¢m, /4 


0.1 


~ 0.2 


Section lift coefficient, ¢, 


17L0R2 Uf WING SEU! LONS 


cy do 
‘ 











24 ~ 0.20c simlated oh 
° flap deflected 
ie R 


v6 x 10° | 
eee i 
6 x 10 . 


t 
eehee - 










0 
0 
ol 
andard r ore 
$26 x 10 















Lt 


fii Naas 

| rai 

_ cS ef 
PEER Gar EeEEE EEE EEEE 














Ta 






0.6 20e siediiees spit , 
flap personae a 






V6 x * 20° 
-1.6 


wweere- 


-~24 ~~-16 5 32 


Section angle of attack, %, 
NACA 0010-34 Wing Section 


Section drag coefficient, cy 


Moment coefficient, cma ¢. 


APPENDIX IV 457 


0.082 

PEE AEE 
aieak. Seer eee rt 

Set 


wou EEPCEEELE ER BRCEL ECP 
PEELE “EEE 

















0.020 ttt. 


woe oe her ebateereb epee 
PERSE ERENCE EES PERE PEE 
FEPECEEECEAREEE EEE ECE Ear 





a” ARK SEE EEE EP eo 


0.008 spebee SN “tae AaArritite 
cee EEE ECD is SEE Aer 
EEN 


wo FEEEEE F 
EECEEHEEEEE ert SCH 
pens 


A SSESEDUScpeseneueneeeeascreescrs 
DFandatansntissctarcssacrsisstaat 
sea FEEEEEEPEEEEE Pepe TP 
PEPE EeEPEeereetrtee og Me 
sea P EEE EET a0 ay Bt 
2bb en 





iat eh fffefe oe 
fp SS SSERSORETSEST ENE: “ 

EEEEEDAE ET CEEEE EEA ete ere 
~16 -12 -08 <-0.4 0 0.4 0.8 1.2 1.6 


Section lift coefficient, c; 
NACA 0010-34 Wing Section (Continued) 





458 


Moment coefficient, Cinc/4 


0.1 


THEORY OF WING SECTIONS 


+ 
a. 
ene 


, v6 x 10° ‘ 
20 ee be oes 


i Hee ae 
OTE BEEECERUIE 
PALETTE TT 
“HE Pe 


2.4 i 0.200 simulated split 
+4 flap deflected 60 
R 

















Section lift coefficient, C; 






~ 0,20¢ sinuiated split }{- 
— ‘flap deflected 60° 






v 6 x 106 


-24 -16 -8 


Section angle of attack, o%, deg. 
NACA 0010-35 Wing Section 


2+ <= esdrrneritrvtenmemarmpbepeehneny 


32 


Section drag coefficient, c, 


Moment coefficient, Cmac. 


APPENDIX IV | 459° 


0.032 ae 
Peer eee Te 





om Ree pes 
ERE EETECLCELIOT epee | 


eC Ppt verb | ee 

PERCEPT Ee aT 

noe CC CEEEERKEE EE Ech ETE 
peer eee eet ELT A 
ers 1 ee at 


0.016 += Tet 
oe 
EERE 
oof CHEESE Peet La TIT 
“Heep A 
1 
~ Pe eee tpt 
ote eee es ET 
ALPE EH pee po 
moa KEEPER ELE PEPE EEP 
PEE EEE EEE LEE erp] $9238 * 20° 288-28 
no PEEER CERT LH ELLY 
eebreroea tree elle: nent ore 
oa REE ET 
PEEECEEEEET HEE ERE 


~16 -12 -08 —0.4 0 0.4 0.8 1.2 1.6 
Section lift coefficient, c, 
NACA 0010-35 Wing Section (Continued) 


x _ 


bono 
CH OND 












‘ome 





HeCe position 
x/c y/c 








205.027 | 
03.0 -205,. .030 


460 LPHLORY OF WING SECTIONS 


“ 0.20c simulated split 
2.4 flap defleoted 60° 
v6 x 106 


VW preneene 
6 x 10 











roughness °: 





Jl lowly £ - 09.0 x 10° 
0.4 a 
©3.0 


0.1 











Section lift coefficjent, c; 





3 
ws 


Sa Be AStandard roughness 
> malted : . i 
© sorererapens oN ae SS te 7 
as \ : : . 5 : 
& ~0.1 ~0.4 Saeed secede eae fe ne, : 
2 : ; ‘ Es 
a el eeadet A: aovan haan lt | 
: hehe fe 
o . : 
Ss 02 -0.8 }--+- "| | : ee eee 
3 URGE EEE 
Cee EET 
22030 9 -1.2}---}--—-+--4- t— rey | ae ee 
: s > $... * vite © abies ter % : . 
wwen4--0.20¢ simulated split —...& : ss es 
| ’ flap per testes 60° . ; be 
~ 0.4 -~1.6 | += v6 x 106 se hse sec thes oI Seats 
~ 24 -~16 ~§ 0 8 16 24 


Section angle of attack, q% , deg. 


NACA 0010-34 Wing Section 
a = 0.8 (modified), c,, = 0.2 


Section drag coefficient, cz 


Moment coefficient, emg ¢, 


oS Te 


APPENDIX IV 










3 BBB Sceaasecuze 
0.028 Peper reset aor Pret hte 
Saprpererepoe Pe eee 
sou PEEP da Ee ERST [EEE 
_ ESTE eee ee] 
soo eters 
Ht  O8t Sane ee ie ae | 


















rae 
0 ; a 
HE 


iPM tee? tt | ET 
yf ef pee - — 

: Ht fine fee] t 
Ea EREE He Ler ao 
a ACE HEE 
HE EE ; Be eo a os 
x 106 as =:087 


“HEEL Ete ey 3 
TET E TEED ETE Gna 


~16 12 -08 0.4 0 0.4 0.8 1.2 
Section lift coefficient, C) 


NACA 0010-34 Wing Section 
a = 0.8 (modified,) ci, = 0.2 (Continued) 














ono 

ono 

008 
5 


461. 


462 


Moment coefficient, Cme/4 


0.1 


Section lift coeff icient, C; 


THEORY OF WING SECTIONS 









.0.20¢ malated 8 
. Llap deflected pit 


SEE 
R a. ; 
£6 een PL 






7 Standard ro 










Stanaard 
roughness, 
6.C x 10 







0.200 siadiated « s lit z 
flap deflected 0° 





-24 -16 -8 0 8 16 2 32 
Section angle of attack, a, deg. 
NACA 0012 Wing Section 


APPENDIX IV 463 


0.024 





09.0 x a 
6.0 


~ 3.0 
"| MAStandard roughness | 








Section drag coefficient, c, 


J 
3 

: : aec. position 
e : R  xfo' y 
2% a = Re 

2 oe © 9.0 x 10° +250 0 
wt a o 6.0 . 
° i O 3.0 “520 . 

G he 
a plop dededl felt bea fn 

& _ 

@Y 

g 7 

© 

2 


CEE] 
8 


~16 -12 -08 -04 0 O04 0. 
Section lift coefficient, C; 
NACA 0012 Wing Section (Continued) 


pe nica spe ttf 


464 


Moment coefficient, c,, c/4 


0.1 


| 
= 
bs 


-0.2 


Section lift coefficient, c, 


THEORY OF WING SECTIONS 





|. 0.20¢ simulated split ea 
flap deflected 60° 





| R 
“96 x 106 
VY Standard perce 


‘ Pe 
iz a 
; | 
- eee 
A 





















hg 
Fea COE 
CEE 


eee tee 





simulated split 
p deflected 60° 






-24 -16 -8 0 8 1 24 ° 32 
Section angle of attack, a, deg. 
NACA 0012-64 Wing Section 


Section drag coefficient, cy 


Moment coefficient, cm, . 


APPENDIX IV 465 


0.032 , prereereenererer 
ome ae aaGa lee 
Feb [ES Sea eee ane : 
Eeebepe pee teh ct ny H+ - 
eRe eee sof 


tHe HHH 

i crt ec arpa ob PEEEEE 
Fee Se oeeeeyy 
Feber SPEEEEEr Pree 


ST EEEEEE REE 
SCHECTER 


0.016 -++4 ; Te O31 Tea 

CARNE ie chee Hr 

—_ oa NCEE eee re adie sees 
cece SA 



















0.028: . 































Sar, 
yi de 
aa a 
ioe 








ee 
— EERE Tiree et ee 
bee EE SEES Ee adap 
Te 7: Serie Teh trees 


a.ce position 
x/c y/c 






ey E © 9.0 ‘ ; 

a Bee ooo BOB 
PCEE REECE CECE etitetets stp 

oa CeEEEEEER EEE a-EEEEE te 
BESTE rtp 


-~16 <-12 -08 —0.4 1.6 
Section lift coefficient, ¢, 
NACA 0012-64 Wing Section (Continued) 


466 


Séction drag coefficient, Cg 


Moment coefficient, Cmac 


0.032 


Su UUEeegunER 
0.028 ee ZEA ——o on if 
Poe Eat Aga 
ooo HEP EEE TE toa tT Pe be LE ET 
es 
0.020 
CeCCEEt 


THEORY OF WING SECTIONS 








| ‘ 4c 
CCEPEEEEEP er) Perr ES EEEE EEE EE 
— 09.0 * | : ee 






*TEEEEH etd DLE 
Dad? pce eaonny hat anny ermal ireemnny Ott HEH 
per | | ! 
CAEL PT Pree tet) Pe] 
—— oe ; &@.C. position 
! Rk x/c y/¢c 
7 


Bale, -O9.0 x 106.23) . 
wea Bee ese 





Hae 
a pH rt 
eure] TEEPE 


~16 =-12 -08 -04 0 04 O8 12 16 
Section lift coefficient, c, 


NACA 0012-64 Wing Section, 
a = 0.8 (modified), c:, = 0. 2 


“Moment coefficient, Cme/4 


0.1 


~(.4 


APPENDIX IV | 467 








2.8 -t 
1:0.20c simulated s lit 
{flap Betrected 0°? 
2.4 76 x 106 


7 St epee o Pevesness 


t, C} 


cien 


i 


=eerGee:+ F oeee Goma 


derd roughness, 
6.0 x.2108 


Section lift coeff 









e ~ ‘ + 
5 ° 1 


—~ 0.20c simlated split “| 7% 
flap deflected 60° 
R 








-146 -8 9g 8 6 42 ~° 32 
' Section angle of. attack, Xo, deg. 


NACA 0012-64 Wing Section, 
a = 0.8 (modified), c;,; = 0.2 (Continued) 


468 


. .t cH 
GW Ny) ~ 


Marnent co&fficient, Cm 


t 
A 


Secron lift coefficient, t 
ad 
ea 
ad 
x 
= 
al 
= 
CPPS 
a 
ES ea 
aie e 
fa 
el 
Ed 
ua 
Bs 
= 
ea 
= 
a 
= 
ba 
be 
F 
A 
So 
ce 


PHUEORY OF WING SECTIONS 


ee eae i aloes de 
PE eel oat TT 
Re See se ea Ne eae ele eee cals 
ee eae be Wet) ob ae. 
Ae eee 


er eae he eel ea ested ieee ied aes ei irae age 

a7 eee eile 

"32 +-24 -/6 -8 a 8 16 24 92 
Section angle of attack, e&,, deg 


NACA 1408 Wing Section 


APPENDIX IV 469° 














& 036 | 
TTT TT) ee 
a tleee! Boe ok 2 = fede sta ete epee 
g pee watt CC 
—Prrert tA) HARE 
PT? | eee 
=o : - Oe cite Pa oo 
O e 4 6 8 Mod TdT dT dT LWT WPL TTT 
ay Pte aan 


Secticn drog coefficien » Cy 
Q 
Ny 
Es 
tad 
a 
al 
leeed 
‘e. 7 ea = 
BCC ere 
oy | et ttt ty 
| iz 
| 
ee 
NN 
Es 
Ee 
fa 
A 
= 
SS 
ie 
es 
i 


Ecoles | GL Ott stomh it CF ad: SO tLe! ‘Y) er Ph -@ 

Ue al ed lt ee le tea 

ee ee Mee MeN gest ele eet Reet ele toledo ae 
arp e Deeea a Wee) = Glee ales Mesh In Oe Ie eal eg lated 
fee eee (Oe Sap Seah te ales ape wee 
er Pt ee ET Vee ete et ale eee e Weealabes 
eee cpl aa Wee ede tee bola tel ede elelealee alea 
Se ee ae ede ole ees 
tet ee ec eal ate dsc eed 

Mees ail 


¢. 









@.c. position 
wey ye 






Marnen? coelficien 
e 
a fet 
Ea a ie 
Es Pt 
bs 
fed 
Ld 
ie 


NO ere ed 
eee cele fee | et clreclenleie tie dete eae etcun ial ele 
feted ashe Se ded, Te dee teat We Jog ae yo deca 

aie tees comes ele Medal cite cle y ou leat calael estas eds eale lel de dhe etal at 
“/E “AL =8 or og 4 8. Le 1.6 
Section lift coefficient, ¢, 


NACA 1408 Wing Section (Continued) 


470 


ff 
~— 


js 


C, 


Moment coefficient, Cm 
: .f A 
& io iy 


of 
Ly 


Section lift coefficient, ©, 


THEORY OF WING SECTIONS 





A A LE ActY¥ 


ete 


Px 
«1 _ @ * 





este eS es Bs Ea 3 
-20( 1 1 1 It Ee ee ee Cae 
32-24  -i6,  -@. . O @ (6 a 2 
Section angle of attack, %, eq 


NACA 1410 Wing Section 


APPENDIX IV | 471 





is NO 

Tri 

jeter 

eA 
A ee 


»020+-+- PETE TT REECE 
e Pes ake tt akan’. & 
poy seeseeeenieveeeetseeeecus fabs 7 
% PN 
Se EECA 
““OrTTTTIVILLCLIALI ETI TIT Tt yt tt 
CCRC 
> A An : 
SCL REE EN CE ATo 
8-92-77 TNL TT Vey. 

S bal PPP IN TT Me et tt ie 
S  COOCOORRRS CCT Peer ea 
3 gos} ttt tt ot eae ere 


INN 
ees Seed CCCP peer Tr 
eis Peed dee Wes Sem TT baer 
aes Leet 


PT TTT TT TT Ty Tt PR ee eet 
(eee eC ee 
ae eee te [este oad eae Nested edie ale deol ale ee egde lcd 
ae pt ttt tt 4 coo 








Cee § ao aig FEF 

~g Standord roughness a 

ee ee Rael 7 Pee Pt 
tt tt ttt tt Ei 
ok ft tee 

sLECITT ET re PE 


“16 “(2 -8 -4 Q 8 12 16 
Section lift ae Cc, 


NACA 1410 Wing Section (Continued) 


OMI coef = Cn, 2 

QS 

Q 

es 

ie 

iz 

ei 
eee 
i 

ea 

ie 
letieg 

Ey 

Eo 

a 

i) 


472 


Cc. 
"oe rc 
~, 


A 
Ny 


Momertt coefficient, 
J 
w 


ft 
- ay 


Section lift coefficient, C, 


THEORY OF WING SECTIONS 


fe 
eee eS ae cy eee ic) Io do 
ve eee eit red. 
ee hs. oe ene tele 
joe ea eee We ee 
“HEEL ee Ea 


ralid 
fi SNe eo oh ee 
poe ee ee eb ict onl et tere 
ptt | TT TT IN eee TELL 


Sere ae eee gon 
eel le ed IT alee ea ark Melee ide ated ck ie, 

-~32 -24 -/6 ~E O 8 16 e4 32 
Section angle of attach, &, deg 


NACA 1412 Wing Section 


APPENDIX IV 473 


036 
ase aReRES 
ee Ree Eaes 





Ree 
Efe fel bee eal ebay 
sleet ead 
CCT eee ee ee 
Lal ele ee fore lcd eee et oie ede beet bt! 
Ae Ne eee ed he ede ce lease A tetee te Mest Ue ie detected 
see Tee Ware eee Se Ite See eel ee ee) 
G 


ERR eae RES 
ge Ue aL Se Sea ee ae eee ee eee eee ey 
ee ie fe aN NR Eee Sp ee de PU 


eels 
eas leclesd soles deal] Sates le eae eles Me eet) ee Neal) 
Sp et 
















e 

G 

ee Healer dale Wate stedeeleoloa ened 

ee ee RRR eee eee 

Said | eae ala 

- SCT TTT foo 20 oll TTT Titi titi 

o [itt ti ttoge {| t.252| -026 | | | | | Lhe 

g Pel tb bt ae? we hafaere Aah Sena iboiae = 

= pele ea! 0.20c simulated split lap deflected de tee de id] 

eee eee tle PARSE ae 
eles de ei oles eae 


ele EViaice ae esd 
Teese MSI alle Melt lec Seelee te a kead oles IS eesti Sl calle eyes) cee 
sia sd a I eT er 


-/6 -/2 -8 ~d QO 4 co l2 1.6 
Section lift coefficient, c 


NACA 1412 Wing Section (Continued) 


+74 


Moment coefficient, cm, /4 


0.1 


- 0.1 


~ 0.2 


- 0.3 


== 0.4 


Section lift coefficient, ¢; 


LHELORY OF WING SECTIONS 


2.8 Sa Rew tipi, a? 20 El feet p ara es Os tT telnet eee 
bt i Seeds se bease boa nebes il Vi Peteed eters gigs wie’ ep 
0.200 similated split —— fo 


flap deflected 60° 
R 


v6 x 106 seal eh 
ene te 
6 x 10" 


ye 
eg NBGREEEgeceeer’ dais Pet 
val EERE SEES 
TPES leo 
EEE EAE 
MEH TEEEE EEE ps EEE 
vel ee ERE EEEGA A 
CEE AT 
EEE AED 8 
TEED EEE Ee Fe 


pb el AR ee - 
"EEE pea LEEE EE 
Pp SOGGY Sune? an ROReEg \SESSEEEs 
Rece cep by beehe | epeitt: 
veal tEEE APA EEE seb eeebeErere 
Pee EE EM iat cpapeatg EEE Pet 
meh ER EH HEHE Pia 
06200 simulated split ve 


flap deflected 60° <= pies 
bbe EEEEEEHE EEE 


v6 x 106 | 
— CEES EP PEE 
Section angle of cae Xo; jo 


=~ 24 -16 -§8 0 
NACA 2408 Wing Section 




















2.4 



































32 


Section drag coefficient, cy 


Moment coefficient, cmg ¢. 


APPENDIX IV A475 


0.032 —— 
Ee 


° SSSCCEEEEE er 


Perr 

vou EPR PE pee PL EEE 
eee EEE reel eee TE 
Set 


oH bad | 
PCH Spee aE 
eH f Ae 


0.012 
EEE 


0.008 Chee x 





























re ap 
ee 
Ba 


Chet ar 
EERE emery TEE EET 
Cr ee eperpa epee bebe 











Eee Seeee ee Pe 
OEP EE ETRE EEE EEE 
Piette nnanaonn 

MEE EEET EP EEE T 5, 

~0.2 tf http pte “Fo9.0 x 106 . 
ee 

ves Heche ere ecceepeet + 
SSR reer 


-16 -12 -08 -0.4 — 0.4 O08 12 16 
Section lift a icient, c, 
NACA 2408 Wing Section (Continued) 


476 


Moment coefficient, Cme/4 


0.1 


t, Cy 


icien 


Section lift coeff 


THEORY OF WING SECTIONS 


2.8 — eee eee ae 
O0.cOc simulated split | | ss dbl verdes food 
flap deflected 60° ce See 
¥ re 3 aos 


AE rome PT 
6 x 106 
. \ 
°.0 : : 9 | 

“CEPT Ty CBE 
Al) Fel [de 

A 
pt ft Tig By 
1.2 : 7F 


















09.0 x 106 
06.0 — 







03.0 
AcCtandard roughness 
6.0 x 10 







0.20¢ simulated split 
flap deflected 60° 








~ 24 -16 -8 0 8 16 24 32 


Section angle of attack, x), deg. 
NACA 2410 Wing Section | 


Section drag coefficient, cy 


Moment coefficient, cm, , 


APPENDIX IV 477 





TLE 
Te 


Ee x 
0.028 cteperrperee eT : 
} Sopp bel ade Nic 

Pra perr eer eee 


Ta Hey NE te 
0.024 | | 
pf efor] iefeefebefa + PEER 








3 os = 
' 
' 
be «6 
a yy —_ | ———_—S  i———— | ND 
‘ ‘ 
‘ te. br@s ees 
‘ 
’ ‘ 
‘ 
' oa 
, ° 
» 
a . ee 
‘ ( 
‘ ‘ 
1 


j 
A.Ce position 
x/e fe 
- 0.2 10° 3 ¥252 -.016 


fe ak a a es Ga ea 


7 ek ae 1 | | 
0 0.4 0.8 1.2 1.6 


Section lift coefficient, c, 
NACA 2410 Wing Section (Continued) 


cs TH ei 
seo hg 29 = 2040 
oe Ht 


-16 <-1.2 -0.8 


478 


; 9 


Moment coefficient, c 


I 
«A 


Section lift coefficient, c, 


THEORY OF WING SECTIONS 


ert Pre tlt trie) 
6 RO a ee a BO US 
ae EPEC CPC eee 


CK 
Gy SN tee ee lea eed eed ded lelectra! 

COPS 
COCR errr 


Ease tees Pe fed fs) ee ode el feel le 

ptt te ey ee er 

“IE ~24 -/8 -8 D 8 16 c4 a2 
Section onale of attack, &,, deg 


NACA 2412 Wing Section 


APPENDIX IV 479 










pea 
sq 
rere te 






7, 
Ez 
Es 
ia 
EA 
fl 
Li 
Ee 
iz 
al 
= 
a 
4 
= 
ie 
Ea 
co 
Ea 
Lz 
cS 
fe 
bi 
ea 
sl 
i 
a | 


Vide 
b 
QO) 

= 
rales 

La 

ae 

Eola 

teal 

py 
fl 

Ee 

ae 

eel ear) 
fw 
ee 
sel 
ae 
led 

Lae 

a 
ae 
ae 

Ld 

Pils 

es 

ce 
le 
~~! 
fel 
ie 

Mm 

Ra 

a 


Section drog coef 
| 
al 
ea 
fed 
fe 
Ea 
ey 
py | 

E LZ 
y | 
r | 
ee 
ie 
a 
A 

\ 
i 
= 
im 
IN 
cal 
a 


oe sa Yoh Hpk neal mca tok AE | fal 

BEE EE CCT eit tit Te ees 

-/ PEPER EERE 
peered es eC Sie ete 


eee 
3 BEE EE EEE EEE EEE EEE 
eo a eae deeded 








af ae bs 
age Boe FE 


-018 See 
o 571 | | | Standard roughness| [ | TTT! 
Ee Weal a a ss ie 
sg Tt ey eS ea te oe eeu ele yes 
SCE EEE EEE EEC EEE EEE 
EE 
Bae eA Ae ade eel a fe eal Eisele death 

me COCO CCE CEE ECE EHH 
-16 “/2 <8 -4 O 4 8 L2 16 

Section lift coefficient, ¢, 


NACA 2412 Wing Section (Continued) 


480 THEORY OF WING SECTIONS 


Section litt coefficient, ¢ 
co 
_ 
fad 
3 
ee 
ea 
Ea 
3 
= 
fas 
ed 
ea 
cis 
ie 
Le 
a 
a 
Ley 
ie 
pat 
fe 
3 
ea 
fed 
iz 
es 
Ea 
(eal 
ia 
ae 


Pieler tN ee a ele i i ee 
NN err TTT TT 
eee A ee 


Moment coefficient, Cm arg 
b & ~s 
A ' 
a) 4) 4 
Ro be leleats 
fe cae Sle 
ES Earohe eae 
a alee del 
ad Eales 
= th ale 
fal Palettes 
it EP Ie 
aed cal od a lh Aa 
Zak. See eeeee 
Es SReee 
Ea Shg | | 
| ft tt Se 
aesa@ Ss 
Ht Raped 
a py dey 
az eee eth celta 
aces 
laa 
ole NP 
ee 
peeps 
= Be i 
a ha 
euipedley 
a eae se 
a 
he = 
| eal Es 
ia ela 
a Eee 
[ea befell 


| 

‘ 

A 

D 

ea 
a 
= 
Bel 
ci 
Be 
ie 
dl 
I 
= 
ea 
El 

Beubedale 
aaa es 

Ss 
= 
El 
a 
eg 
i 
EY 
= 
ie 
ie 
Ey 
a 
hs 


Pe Me ae a Meet age ae ea teal teal Medical SecA ala ca 
ee eee ead ae 
a6) epee ei leo ee ob 

-32 -24 -/6 -8 Og 8 16 24 32 
Section angle of attach, &, deg 


NACA 2415 Wing Section 


APPENDIX IV | 481 





pt tt ety 
eh eRe RR SRR See RRR SEAS Rees 
pote ee 
Se eee eee eee eee eee eee ee 
ee eM Sh cl ie ie MeN Medes inks ele dey ge 
ttf tf LP 


T_ Te 
ee OEE Ae 
Mio eet oe) heey AG 
CECE REE 


a | IZ 
CCC NERC SSE TTT AP 
Bee eee ee eae all 
noe LLCS SECC 
arr See 

TRS Aro 


Section drag coefficient, Cy 


el 
wa 
a pope te pa 





Momenr gaa od Cnc 


Rene 

Ae ae As see eee eae 

6 “12 -8 -4 O 4 ao L2 16 
Section lift coefficient, ¢, 


NACA 2415 Wing Section (Continued) 


482 


I 
~~, 


t .f c/¢ 
Ww Ny 


Moment coefficient, Cm 


a) 
A 


75 


Section lift coefficiert, €, 


THEORY OF WING SECTIONS 


26 
poe al ese et le ee eet ed 
Paes tales) seed eso | egt steal etal sear |eydeaie! 


Pr i sO Li = 
CACC eee 
ae CCEA 


ALtisi et 7 ie 
“ACCC ECE 
Peale Pe Se eects We ae at leet We dete tele inal 
Poe 
PEPE 


cd a 
Pee sie ees Melee Medea ae oleae) ae Mheedle tage eal 
2d tI le ee ee de ie eae ek eae 
“IC -O4 “IG -8 D 8 16 Lt Je 
Section angle of attack, &, 0eg : 


NACA 2418 Wing Section 


APPENDIX IV 





drag coefficient, Cg 

ES 

ie 

fos 

aa 

fe 

| | 
f Beane 
ey sa is 

fate ee fe 

i 

he 

“ 

eal 

faa 

Ed 

Ll 

oO 

N 

lies 


veges 

e 
iz 
ies] 
eS 
a 
a 
foal 
if 
Ur 
‘a 
Ay 

Uy 
| 
radi 
ha 
i 
a 
oe 
\ 
CSU) 
I 
a 
| 
a 


AY Co ee a brs 17) ex emer) e 


le = 
a o 

Oa Tc ms Ee a a 
wee et 


“ac 
Ed 
ad 
a 
al 
ibe 
a 
a 
Eel 
Ss 
Baa! 
ae 
i 
a 
let 
i 
= 
a 


So fees eae ees) nd co) teal leas Mest eI Leh Meal ey ole 
eel deste (ele lai aleel all Senos Meat de slacl ae ete 
yt att 


rrt oe Cc 


Meelis ee eel se else desea tt see See) sles) a eee 
-5\ QU a Peet eh aes 





483 


a “8 -4 0 4 8 16 ° 1.6 


Section lift coefficient, e, 
NACA 2418 Wing Section (Continued) 


484 THEORY OF WING SECTIONS 


Section lift coefficient, ¢, 
ES 
a 
Ea 
es 
a 
i 
EZ 
ee 
ea 
ie 
= 
iealedlle wee) Ato 
Ce a Oe 
fe Metlredhc) tle 
eS 
ea 
Re 
a 
eS 
fs 
Ey 
ea 
Ea 
fs 
La 
ea 
fe 
fe 
a 
iz 
ae 


PCT ATO 
FECES EP spt ttt 
Tole Lt ae a 

y watt trite re eee 
; Bis cr rrr errr 
s FEE CE AH Eee 
a a a A 
S COCR Cece 
g TTT LTT ACT errr eer 
: COCO EEC 
ce wettest titi ee 
: CEE CCE EEE EEE 
REESE EE 
& een 
Sag eC cee eee 


-24 -/6 -8 O 8 /6 2d 3? 
Section angle of attack, &, deg 


NACA 2421 Wing Section 


[Te neem ltl al fp einr ee ET RE EVE VEE Petes life Whine ier tar ke eR 





Section grag coefficient, Cc, 


~ 


APPENDIX IV 485 


= , 
916 ECC HA 


oe} ING tL Nal ET Tt |_| 
Pitt yt | RN PTT te TtE PEPE? EET TTT BY TTT 
pitt TT UINANSY ETT TTT TT TV ae cr TT 
PEt Tt NaN Seen P > Za eee 
Appel a omg | tt gery TT el 
a ee VCR ae TE TTT Tt 
Rake eee ee bal ae leh ia 
SR 


4 nl APs A ler hp ptt 3)— FeO) | 
ptt tt et Lae oly Ne eu ede ae] 
pe ee aed ee ee al let [tei 
ae ee atc sea eee lect 4 demo Weal laa tal 
eee a Seek paleo 
ae Ae a ee | lor doo 
pated at WelecL isa eck (beheld eed Me eee al ean alo 
Pee a Reese ole de feed 
pr ee sett eee 
Pe Ae ele ee es i aaa 
gate || eh te | 
Pitti tT Tt foee TT TT eSieMecle Me Spee italia 


Moment coesricient, 





Pye le see eae els Pape Me pete Weal 
ACE EH Ee 
Ne Nes a fees ee ded el eel a kl deal ell 

ee a a eae eet ols 
ets eye a eke el I de Polos 


-16 “42 -8 1s -4 O 4 8 12 16 
Section lift coefficient, ¢, 


NACA 2421 Wing Section (Conttnued) 


486 THEORY OF WING SECTIONS 


pete i ro 
a CEE 
ARE NS Se ee 
cer CEE Eee 
rele PLE ea 
Pre cee Ltt at ter iri 
i a CeCe 


Section lift coefficient, ¢, 
Et 
fd 
eal 
et 
es 
al 
a 
Ee Se 
i feels eee 
me i a 
ed 
ea 
| 
S 
La 
a 
2 
s 
ial 
ey 
i 
ee 
eu 


i 
% 
t 
@® 

it 

fs 

d 

e 

- 

. 

ei 

Sy 

a 

x 

x 

a 

a 

aan 

Ea 
Bane 
2 


Moment coefficient, Cm 
b 
a 
\ 
as 
bees 
a 
fe 
fe 
Ed 
ee 
| | Sh 
Se etd | | 
LN 
= 
is 
a 
= 
eta 
me 
ra 
heal al 
Se 
le 
led 
ied 
il 
ke 
Es 
Lea 
ie 
a 
Ey 
ee 
Ea 


-t 
A 


Ey x 
oe eb ee ee eae ee er | 


“Je -Od 16 “8 OQ 8 16 C4 32 
Section angle of attacn, a, deg 


NACA 2424 Wing Section 


APPENDIX IV 487 









NOPE 
JCA 


#/c oe ea aa 





CETTE REC a 
SCONCE te 
At tT INET TTT TT AT 4 cea 

§ COCPRADRCCCCC ART 
poe} tT NRE CECT PSS cet At 
Po EEE SS ERECT 
CPT NRE ee CO 


5 ttt tt TSR beer 
> 008 SEE EHH ABS See 

eee a tae ia ies 
a a Ed 


ge Gee ale ase ose i 
tt ttc 
} . mS 


ith eta ad Ft 


eee Heal 

ae 

FEE EE HE 

pee ec ea a aieele ae ical laa ee Peale 





ec. 





é nee ela 
PCCOECEE EE 
g Sec ei ia 
3 hake ease 
85 arg a a oe 
~~ 
S ae 
: Ea as de 
Seg Joel ee ee eo oe 
See Odio aa coated 
Evelina ce eo bis aed ie iceaca 
Science see CMe ies aici 
eee eee ee i ileal ieee 


Ff @ if ro] Lo 16 
Section lift coefficient, ¢, 


NACA 2424 Wing Section (Continued) 


“16 le “8 


488 


org 4 
“— 


! 
\ 


Moment coefficient, c, 


. 
A 


9 


A 
Ww. 


Section lift coefficient, ¢, 


THLORY OF WING SECTIONS 


ETT PA 


ie pele Seed 
Eee ERE SEER REA ARES ARR 
pps ee eee eae 
“EEE 


Pt ee PEt 
eC 

i a COC CCC AACN SSC 

COPECO CCE tel 

COPECO COA ST 
ott 7a Perr 


St 
CMe Wed Mcleod ie peieye we Ie ei eae 
eV eee ey el a ellie tea ald 
tt de eee Td eee ae Ie 


Peco ede eas eel diel dei ied Wen eee 
COCCI Eee 
COC NE eee 
CCE Bide eer TS TT 
Ae ice elec oie cele! 
Boe oregon dela ele 
eel el Ie oe de eee 
Se al eal eestor allel oe lesen evel 
eee oi Se 


Lo 
Neate ieee tee Me eed fee eI Miele, AN MIL eesti ght lle Meee a ay es fe slee 
a tL TiTititii titi iis itt iti tt 
~¢4 -/6 -8 O 8 16 24 32 
Section angle of attach, &, deg. 


NACA 4412 Wing Section 


APPENDIX IV 489 





““@ 2 oe 8 (Oe Vee foal ie 


7 pee Sa Te lead cote Nie) 
pes eee ade ab daa le 
ga Se Tae ee oo eo 

SEE EE 


O16 SCE HE 


section,drog coefficient, &, 
= 
a 
Ea 
Ee 
ia 
ei 
ey 
a 
zi 
Ri 
cl 
feet 
al 
es 
e) 
feed 
Ea 
ei 
Ed 
Pal 
ey 
a 
eal 
a 
SS 
fe) 
7 
ia 
0 
NS 
fe 


coe |--EEETCRSSNCEEEerA t 
Pe ETE RSC 
CTT Ser 
ie eae Nel re bonny ethane 
go eee eh ania ae 









Pea tte Creer 
opie eee Lite tei 
i oie: aah betas 
2 ek eaee “2eeeu 
é ACh i 
S tio re 
Pst Petit 
ett CCCP eee 
© Torre ECP 
s COC ae 
$ st tt tte COP 
= SCOTT etss oav TPP PT TTT 
G [itil i | | faéo Standord. roughness 
FE CECCLIEE [@2cc simulated split flop deflected 60° 
a eRe eee eee 


eile! es ale fess 
og el eel et eo eee eb ped 
-146 -/.2 -8 - 4 Oo 4 8B L? 16 
Section lift coer TICIENT, ©, 
NACA 4412 Wing Section (Continued) 





490 


' Cmere t 
hy ~~ 


Mamertt coefficient, 
ty 


. 
~ 


“5 


Section lift wmenrs Cr 


THEORY OF WING SECTIONS 


Jka nese neh ee eee eee eee 
Cee 
fa ede) elder ie elena ola 

pede eo aie 7 


; eae 

CCC CCC 
SOC ECEEe 
EPEC CEC 

ale FEE EEE EEE EE EEE EEE 
FEE CERF EEC EEE TEE EEE 
Messe eter eile ard ea 
ee aNd se lec clea ce Mel tec de Ae steele | ae 

VCE 


BEE EEE GEE EEE EEE EEE 
PSE ese Teoh eh ge IE te ee ed 
ea tee Velde Me ee eds Pleo 4 
ed Med Peep sll sede oer ace aie cadet 
SECRETE EEE Eee 


ea a 
be cee) Soe ed ele fey 
CT EA eee 

“ fp belay dg peter Ley _| fe eubaloaled.) 
Ea eeg CECE See eet 
1) +4 PN eh Pep el Ny sob ed eee 
PS SSIs cle ome ed Nes ae de tt 


Pu eee ote eee 
-20 EECCA 


FO -24 “/6 -8 0 8 £4 Je 
Sectian angle of attack, &), Beg 


NACA 4415 Wing Section 


ne carcharranenrmrermnan tats 8 / ne errtemienhabeden rte 


APPENDIX IV 





1, Og 
ae 
fed 
ea 
i 
a 
eal 
iad 
eal 
ee 

Pot 
co Dd 
he 
ED 
ry 
ES 
ca 
ES 
ae 
a 
ES 
ee 
es 
Ea 
Ei 
ee 


Section drag coefficien 

x 

= 

& 

El 

Be 

| 
om i hal 
Pl VI 
Beane 

a 

a 

EN 

es 

Ed 

a 

ea 

he 

IN 

NN 

cs 

fs 

ed 

Ea 


» Cn, . 
Eadie 
ee 
Lebees 
Pt 
beled 3 
feces 
mB a 
scl 
El 
et 
ie 
Ea 
pe feats! 
hed 
fe 
Ea 
= 
ed 
Ee 
J 
Ee 
is 
a 
i 
Ea 
i= 
a 
is 
a 





“2 
ARR Ree Reese ale Weale sedis (Nel shah | 
. CECE Eas position 
O24 / “0-066 ee Les {| fl 
24¢t-ado Ltt itt TTT yy 
> 7 em CC CS 
aes 


Standard roughness 
Q20c simulated split flap deflected 60° [TTT 
tess eee eee 











7 6.0 


sitll Etisal ans 
PERE EE 
Se a pe 
ee eee 
el ee el el ee ed (oper delet (aloe els 
“1,2 =8 ~4 140. A Ga Le@ LE 
Section Iift coefficient £; 


NACA 4415 Wing Section (Continued) 


Moment coeftfioent 
teal z= Eo 

a 

ne 

ea 

eal 

Pl 

Fa 


491 


492 


| ,, Omar a 
ty ~ 


Moment coefficien 
i 
w 


a 
A 


Section lift coefficient, C, 


THEORY OF WING SECTIONS 


ac i GO GA OGD a PU GO SS 
eee re bask poe eb alike ae 
ee Iola ba eo ed 
esis eee et etl ie els is 


aes 
cates a SE ee ee ee eee 
Poe Pea Meola al Teele Mee heya ial 
eet eet le at Pe Le el) 
ee ea ea 
Td Oe ea as 
Ee le A lee Ope 
pt ttt Tt AT ET ea eep-£ 


eat a ny CS 


PTT Te Orr id eee) 


Bes Mo le edd elle sede Pale shea 
eee eee lee le lela) lee elite We te dee hele lle 
-32 -24 -/8 -8 O 8 16 24 32 
Section angle of attach, a&,, deg 


NACA 4418 Wing Section 


— 


APPENDIX IV 493 





> 
N 
fe 
Ea 
a 
SI 
ied 
ea 
iz 
a 
al 
Ee 
= 
ze 
aes 
P| 
Paes 
Ed 
ea 
Ed 
Co 
N 
Ed 
fs 
ES 
Ss 
Eg 
~ 
cS 
fo 
fai 


ne le Earle 
PES AEC cee oo 
Pa eect] ie es 
PPT NSRSERETT ee 
CPC SER EAT to 
eB BC ae inmost ee 
See ser salad ea eit 
goa EEE 


Section crag coefficient, c 


§ 
a 
ao 
oe Wa ae 
Ec 
S 


+m 
25 ae ,*? _. OTe 


pled a A a 

a eel 
eer eee leaete dehy sey eich id 
Rotel leg dra area Pel ea 

a GIGI t aee ee ed 
ie 










Momer?t coerricien 







456.0 Standard roughness 
O20€ simulated split flap deflected 60° 


"Le ee foaled te] 

sae ee oe etoile eid 

ARE Se PS ees etl ae heh in| 

esttil | [ [| peo wes or tied: oh ane eli 

-/16 -/.2 -& -4 O 4 8 la LE 
Section lift coef FiCIent, 


NACA 4418 Wing Section (Continued) 











494 


Moment coefticient, Cm. 


re eae nn i ATL A Mra re a 


THEORY OF WING SECTIONS 


ses = 3 
elt eg? 
po ee ae ae ete ee I pee) asia 


si op ee eel ee eee ee 
“32 -24 -/6 8 O 8 16 24 32 
Section angle of attach, &, deg 


NACA 4421 Wing Section 





APPENDIX IV 495 






2 . ~ O38 
Eo 4 TTT] al a 
Hj} | ech ees 
y\ | | |] | Poe) Ae 

2 >) 032 
ao ee ee ee ee Cedi 
So Eo eae ict 
PTT | eee 
. pales eee dee 
O 2 A 6 8 LO NT fe ea | 
a/c oe roo 


coerficiertt, Cy 
re 
cd 
cal 
El 
ea 
Cel 
i 
fd 
= 
folate d 
Ee 
1 
Pa 
ze 
etl 
i) 
i 
ee 
Pa 
ie 
ed 
re 
fe! 
ed 


ae 

eo Set CT leer T TTT 

aos CC Sho rT TT 

CTT te eT 

CPE eee 
PELE LEC 

Li lteter 


Section ori 
Ea 
faa 
Lk 
| 1 by 
“A 
¢ 
7 
P | 
ha 


= Pad 
Te seal sede mies eet Leia y i ar iol cael 
a7 wT Ne) OT} ep] 


See tae cle eed lela, tae. deob ly dees 
ge MENA ead eae eves led ale ck gala yh ieele ge ot 
FEE EEE EEE EEE 


5 

















cape ee ee ls a ited 

eae eee lesen) eet ged 

SP Se 

Bixee R 

EES 

wn 

g ates Standard ge ihe Pd 

S oe ae ted split flap dettecte Eee 

gi Et Se ae eal ge 
Me ee cole ee PoE Nae eas (ee eel sleet 1a) 

eee deals ede eet eile Mea Wet Adel ed 


-/.6 -/2 -8 ~4 QO 4 a le 16 
Section lift coefficient, ¢; 


NACA 4421 Wing Section (Continued) 


496 


° 
~ 


A A ef 
Gy Np ~ 


Moment? coefficient, Cm 


NN 


~ 


20 CrYT TTT Tri try rr ri ti tis it 


THEORY OF WING SECTIONS 


Section lift coefficient, C, 
OH 
a 
La 
a 

Ree 
alee 
ag 

peel 

? 

J 

LD 

A 

& 

T | 

T 

| 

le 

‘a 

HG 

al 

ne 


32 -24 -/6 -8 QO 
! Section angle of attack, &, deg. 


NACA 4424 Wing Section 


APPENDIX IV 





/ ey papel 
ee Vio heise 


Ce le a ae ide oa 
| ttt tT Seer Ty 
o2tit tt tA TT a rer 

g ee Re isk ie ae 
Eis tt TONS ort ae TT 

NA el het TF lotr FT 
ase tt te 


coerricient,- C, 
S 
o 

ia 
ES 
Ed 
= 
fied 
Es 
i 
is 
im 
i 
x 
P 
Es 
zal 
z 
ee 
2 
ea) 
ad 
ed 
qi 
Le 
Ii 
| 
mel 
EA 
fi 
is 


Section or 
§ 

Rees 
a 
al 
es 
a 
i 
hed 
Reda 
Ze 
iz 
ef 
a 
7 
Ald 

ALA 


4 Cmg.o 


os i 
CPPCC reece 
eee eis . EEE 
eee 

eer aa 
Pee 


7@r 


Moment coeffic 





aes Standard roughness 
i ft | tl lL oT [020e'simuiated split tlap deflected 60°| | 


Peles lest) 
geal ee eee ed al lesa lee eee de cal ee 
asa eo eed lees ees Seniesa Waal dea aiegh he et) 

i 

bags: 

eae 







piled eal Ee Wea lea alee ales calesdill ole dee lea ical ts 
fe Me eae Melee sated et stilted ley iclaleae Ivins | 
se er ee ee 

“16 2 -.8 -.4 QO 4 
Section lift coefficient, t, 


NACA 4424 Wing Section (Continued) 


497 


3 L2 46 


mls A fe lepaeicak e cal  clameaaD ? 


498 


e! 
— 


c/4 


Moment coefficient, C. 


A 
Ny 


.! 
Ww 


J 
*~ 


at 
YH 


THEORY OF WING SECTIONS 


2 Ty eee een ior ar al 
PEPER Err 


Section lift coefficient, c, 
es 
zee 4 
ES ie 
Py 
Es 
bt 
Ey 
BS 
a 
Fal 
i] 


fe 
o out fn Same Peal 19 
TTT TT TT eee ener tt Tt 
TLEL LTTE Er TA ee 
ee elec le le tule Ne eee Te a Tee) 
we eal eal sl legs ieee eee Ee 
Pe Ve Wc wea eaMewe lien se eee ee regia dea We alee eo I al 
eee ede a ee) ee el eae ee edo 


Se Slee ale cles esac Me beled tele 
sp ee el ee ee eed eth Me hey 
“32 “24 SE =8 0 8 16 24 J. 
Section ohgle of attack, &,, deg 


NACA 23012 Wing Section 


APPENDIX IV 499 





ajc i hela 
eyes ee oe ee oe ete 
Ly ane ee abe Se Ie 





oye Gt UG UB | 

Or tere eee eis al aoe a 

ee) ee ole vealed dee 

ae OS a iO Se) 

S get Toa ar 

oe See ea aera elo e ae 

SpE Tet TEP AT Aoi: 

ep ELPA) 

©. goat TTT TN TIN TTT Vi VR “eg 

2 eee a ae WI el NS 

S TAR mt on 0, % 

6 aN NSE Seis evi i Lgp~<op 

& get NN Ltt A} | tf “fp ~C 
[TPP NSS eee rer ¥ Ve 
PET oP errr TTT] (Ne fay 
HEP NS gyre 

fg eee eee are) see 


eee errr id 
ete tee ee 
COTTE eee eee 
A DH 
SRS ee ee a las 


Soma dT ee 
ree ore oer tat a 
als Pease pede leh Poi pe le les 


ent, 





Nel ' 
Spe esse ee en eee 
edited det ledees is es 
Blobel eed aie 


ce Lee 
LT & 


/ 










y/Cc 

O35 

me el a We ihe feel 
004 ee de te fl 


Moment coeffic 


PR Saas Ee 
sl see esl eC ey tees de fe 
epee ee eee aes hel alae otal ge sleet <I 


Pt eee ee a oko i 
te ee eo ee feed 
-1.6 -/(? =o" <4 a 4 o La 1.8 
Section lift coefficient, c, 


NACA 23012 Wing Section (Continued) 


500 THEORY OF WING SECTIONS 


aie PEEL iet er i 
- CECE 

COC ree 

Oe a COT RB TT 


EEA Aa . aed 

Peale Dees oes alee etl eclectic eel eel Mo eS, WV ated cel dsl 
SE eel ee ed Nee deepen) 2 
a les dea oh VEST eC ahs eee We dele 


N 
Section lift coefficierit, C, 


age SE eae RECO eee 


1, Cm 


) Rcd iesiesicd 

soe Mee es ce ea te red Nee ese alee ee) lel alesecar et 
Sos se sleet oage de olettie lh tele Med Made Weleda 
Ate eel eco res Picea i ese ea 


A 
N 


Moment coeftficien 
i 
- 
Ay 
| | | 
mie 
ea ice 
fe elee atc 
ae, 
felled 
nme 
ele al 
elles 
Pat 
TN 
aah 
felled icalesdess oe 
eo des bead 
oe 
Ee ed 
ee) 
es 
ee 
Csfecda| 
Pais 
oles 
a ees 
| tt 
ee 
nese 
eae 
es 
tetas 
es 
fee Nall 
Lab 


aed fete aillazll a Ref ss (eaters el ete 
ste np Meee TI Me Mee eae Vee eee ee 
"-32 -24 -/8 -8 Oo 8 16 24 32 
Section angle of attach, &,, deg. 


NACA 23015 Wing Section 


a a Sp re 


APPENDIX IV 


~HEEEETE 


WHEE 
cl at 

CCP 
COO 
ig tte ee 
Ore ete ee Terese tei tee eT. 





se, 


4 Cg 
= 
a 
Ey 
le} 
a 
ts 
Es 
ical 
| 
a 
Is) 
rel 
ea 
fe] 
| 
ea 
he 
es 
ee) 
ad 
ze 
bs 
a 
a 
ie 
= 


coelrticierr 
eal 
ial 
Ea 
= 
[ 
el 
el 
ta 
A 
i 
a 
lacs 
ie 
i 
= 
fl 
= 
i 
el 
P| 
col 
& 
lee 
ie 
Es 


get tA NT eV TT 

of a ae, 4A 

Etta NS et eT TT 

3 COCOONS ORE eee 

§.oce Te eS at 
~ | ¢ 


an PT TORRES aS erat 
& COCO TT ieee PCC eee 
2 Pr 


ey tee See pt ttt ET ET TT 
oH Hat poate LCC 
per A 


Jt 
ly 





arent coefficient, Cu, 


Les seated es ee hee |e 
eee 
El al op Seg) pede tesec le cc a) 
PEER EEE ETE Eee 
sie ye ay ede Wea lets) 
SECC CEE EEE EEE EEE EEE 


-h2 -.8 -.4 6 4 a 12 16 
Section lift coefficient, ¢, 


NACA 23015 Wing Section (Continued) 


-.5 


502 — THEORY OF WING SECTIONS 


| a 
AEE ASE 
deste ea eae I ee eal eae 

Cee ea 


Section lft coefficient, C, 


tT NAN eee a 
Pl ab ood el od le Peet dled 


Omen 
a3 
ie 
Rel 
es 
ba 
feed 
st 
es 
= 
ie 
| 
fas 
Be 
iz 
4 
a 
Ee 
= 
a 
ae 
ik 
a 
El 
i 
Ed) 
= 
La 
a 
ie 
| 


Moment coef. erent, 
i) 
1 
QD 
pala 
eho 
= 
Melee 
a 
ae 
es 
lees 
= 
Ba 
th 
ae ies 
Re 
Ea 
eae 
Ree aeE 
i 
eel 
Eales 
Rae | 
fecal 
| 
ee 
eal 
La 
| | 
ae 
fee 
ee 
ae 
ae 


VY | | | sate 
he Ae cel ilol les ee Lo Seah ge ae i 
Se Melee a shee SV Met Nee fe eee de cesta aI ah lef 
tt tt Ae I aya leslie allele eee 


1 

U) 

N 
Ee 
i 
Ea 
ES 
x 
ie 
Es 


ES Ea iee 

Rope cP ese sews tele cllen |e (oe eee ee ele eileen tse 

ie, capes ee ees ie ae ee, 

-32 224 -/6 -8 0 8 (6 24 32 
Section angle of attach, &, deg. 


NACA 23018 Wing Section 


APPENDIX IV 





Pt a 
FOO eee 
2a} +t et ee ek a ae ed 


Pear ee ttt |e 
SN ESA 
PCC ee er 
FETT TT TT TTT WSs eet | tt 
Peete eee ee lier Je | eee acl 


Section drag coefficient, Cy 
S = 
& 

TC 

Es 

Ea 

f 

ed 

a 

[|_| ad 
ay EL Eades 

ea Re 

ss 

Y 

# 

ei 

i 

al 

ca 

eS 

cS 

las 

N 

DS 

I 


(Dy) bx | eel ey sel = ane 


OORT Tot 


ele! 
EEE EEE EEE ee 
ci pet eee Lae ee 
Sateen eee CEH 
RSI ie ieee sci a leat 


Mec. “ty 
~ 
ed 
ie 
is 
ix 
Led 
= 
S| 
SB 
a 
Ed 
iC 


> 









Eale Ex 
“LETTE Tt toe gL t2s3_) 007 
TTT TTL la6eal | | Stenard roughness'|_|_ 
at hsife cd eH als eecleg 
yee ee eo ected) eae ele deel Pee Iegled 
ECE eee ee 
22s Po ea] eee Rae 
cee 
5 LITITITiTi ii tirititit ie a 


Mone COCIUCIe! c 

eS 

ed & 
ee ee 
ele! 

= 

i 

Ee 

al 

ed 


503 


6 “NZ ~8 0 4 8 L2 16 


Sieh lift coefficient, ©; 
NACA 23018 Wing Section (Continued) 


504 


al 
~ 


' 7, Omang 
& \ 


Mament coefficien 


wt 
~” 


Section lift coefficlent, ¢, 


THEORY OF WING SECTIONS 


PP i 
Pett rt 
PTT et 


bales eae eta alee areal alecleds ese n nace 
Ea Pare roles tes cst ese esl See ia 
Poel pete fester eee 
we 
Eee a Ps sei a 
CO 


ee 
esl Al de Le ee ee le deed ee Pe 
“32 -24 -/6 8 0 8 /6 
Section angle of attack, &,,deq 


NACA 23021 Wing Section 


i ge 


APPENDIX IV 505 









ete lees Ie Ncadtl 
FOO HH + + 
eA CLLECEEECEECEEEEeeee 






ei 
FE COCO SSC 
CEPTS lab 
‘ps 






CCE EEE eee 
PREC E EEE EE 
COE 
mete tt re re 
Sas CCE 
j COCA ere 
2 OOD wa ia a 
$20 eC 
SE A 
We N a VIA 
B42 PS EER EEET AEP 
$ POCCoTPAR a oo 
£ 
5 
ae 


pte ea ea eat cg 
Gy eee Se Gat tee MSc tcl eal ee shealeale | 
oo ee oe ee a eae 
State teeees Peed yee sie 
pete esis ols teal 






Mornent Gea necieey 
. oe 
oes 

| 

bt 

EY 

a 

a 

ie 


|| aie 
“5 Rete ect Ne le eee 
AG -L2 -8 -4 g 4 a 1.2 L&E 
Section lift coefficient, c 


NACA 23021 Wing Section (Continued) 


506 THEORY OF WING SECTIONS 


Eee eede Mee seas seat Scala 
EEEEEE EEE EEE Eee 
26 fee ide alee 
Pe ele tee ale ee ibe Wee Ole elle dae rele ceed Sea 
ef ptt oe end Me eee Vea Sig 
ESI Me le al ell a ole leah lle Sp ead esse ave] 2 Idea ies a! 
bites Eee ee slied 


et eek eee ia 
Leet re 
COPE EEE EEE eer Ee 


ache ey Ey fee 
eee er ees eck oe a eT 
ee ae ce eee sla ie eet MUL a yee clea Sealer a gs 
Peace Minch WLI fe date dele ee ee 


few oe ee fe tesa 
yes secede alle | deeded acl ccalesle Is ctl et ltd Spee cals ules al 
MERE RPLLetL i i ile 
RUSTE Seon Mh float IG a ey eal ste ee alent cles Pacts ain 
SOE eae DT 


ah SFT eal 
Coes aera TTT Nes 
RCCL 
er 
PEC ECE Seis aici 
AREER REECE EEE Eee on 


Section lift coefficient, 


t c/4 
~ 


1 
a) 
O 
x 
a 
a 
a 
il 
ae 
Ea 
Zz 
= 
si 
LS 
ey 
fe 
oH 
es 
Ea 
iz 
i 
I 
fs 
fe 
Es 
Ea 
i 
ea 
fe 
Eu 
fe 
ed 
ey 
fe 


eT ete Te ed oe aa 

Sn as 8 a BO a 

Redcat te Me ee ee eye 
ie tke eee eee eee 


Moment coefficient, Cp 
‘ 


= 
EE tie ee cee He ey deme to Neeley ob ede oe 
CEE EEE EEE EE 
4 ee aaa STE ate ae oles ese caleedt ea puia ool 
es rere 
tee Seen eee eee eee AREA 
Feit lead | eee alti, deeded Mel A se gece ele eal ala 
me SG Ne Pp ie aye SI te stall sed ce 


rete -24 -16 -8 Q 8 16 C4 32 
Section angle of attack, &, deg 


NACA 23024 Wing Section 


i 
4A 
~ 
D 

| 

fa 


APPENDIX IV 


036 





(CTT a 
COCOA 
oe LLLLL ORT PRTC ey 
CEECHERSNCE EERE 
CCCP TEE NRE CEE EE Deter 
CCC 

os LEPC AS Soe 
eC Seer ee 


Section drag coefficient, cq 


é CTT ET TT Er TT Tr er eer 
Ee Me eels e Peale sede ei seed ase alg elles eal 
Bde at) ae bax ebetc ale geet cur ale sedi al alied e(oie | oN lace a cella 
Pfc ese AE oe eee ecco ese Mae aed at ltl elec 
leet MEM oe ade de Meal eal dels 

SRR SRR eas 





gn coefrfic ne 


eee ees ve pea aed ete] 
EERE HHH EEE 
Sze eee sie eee ae See eee 


507 


6 “h2 -.8 -.4 QO 4 8 12 LO 


Section Lift coefficient, Cc, 
NACA 23024 Wing Section (Continued) 


508 


0 


| 
™~, 


x. 
‘ ‘ ’ Cm ore 
q) Ny 


Moment coefficien 


J 
vA 


Section lift coefficient, C, 
iz 
pel 
fa 
J 
Ls 
Ss 
ia 
Ea 
ele Se aes 
Ca + “ie - | 
= pT 
Ea 
fan 
Eo 
rE 
€> 
a 
ial 
a 
a 
f 
i= 
ES 
ea 


THEORY OF WING SECTIONS 


oe eda Ele Oe a 
We 
oy a a EA a 
POE eer er 
Ped - 


aie cece eS cdel alte esky dd Ne Pelee elcid 
flee Vlei ey et ee 
Pita itleg yi i tt Eas 


alata 7 z 

ei Ale Neen le cleaner al alle nel egal at seca Sl Aloe es Alcs 

SECON Nope Sp Pe 
iA wf] 


Pcs ) 5 
ie espe chee te apc SCORE EEE 
Eanes see eee eee eee ses 
Pl ee ele 
anaes 


a 
eo 
i 
EO a te Wed 
a? 
A ee et Pete a ater ete) S| 
ad af 


Seat ie ei es 
ttt tt tt 
- 
. Ane! 
Sask kee 


fe led eal SUS estes eats eae fe Neel le Veal ae eae Je eas 

sop ele ey st a a eo 

Je -24 -/6 -8 0 8 IS 24 52 
Section angle of attack, &, 0eg 


NACA 63-006 Wing Section 


APPENDIX IV 





Section drag coefficient, Cy 

eB 

es 

fa 

Ee 

ES 

ey 

Pa 

Ey 

E 

ey 
a a Lt fe 
| Bs | ee ee 

tT eT | 
Pe 

Ealed 

is 

ee 

ES 

hes 

~ 

ie 

ei 

fe 

Eu 

a 

Ea 

ed 

fe] 

SS 

iE 

i 


FP BP a 2 
eee eee a 


ce Res EN le esc Ele 
Leeks eee ieee eee eee ees 
ge ade el ead eal elec Mes ect IL ah] del Ey 
2 cake eee eae eee eee eee eee 
as essa esta ales teats ides po ales dled ee Pete 
op heals easiest alee lee le ee slated sealed eae ed ay 


Eales ee tee 
Hott ttt Lae position Rea eRa Sees 
PTT eT tT eA LL xe ye ee alee Sct eases 
8 2a Bes Pes 
re pO ee ele ede aah eds 
& 90 258 1-039 
pp bt 4 6.0 | Standard roughness Lae ete 


| | pe 
nasa oo simulated spiit tlap deflected 6&0 TTT 


PE ett tt ves Pe. de ele We te | 
-4 6.0 Standard roughness 4 
etc! pin ‘ elec e ee aac 


ea 
EEN elect peeled eis 
Pl i ea et HG SF A HFT) 
pee oe eed ee a oe eae 
ASA6 me 78 4 0 4 8 he 16 
Section lift coefficient, ¢, 


NACA 63-006 Wing Section (Continued) 


Mornent coefficient, ¢ 





509 


510 THEORY OF WING SECTIONS 


Doel acer Le Pye 

FECES EE 
Coe 
Boone ete ee 


~~ 
Section lift coefficient, C 
e ® . 
s 
Ea 
fa 
Ly 
is 
es 


t 8 
f\y ~ 
8 Q 
& 4&\ 
ea Ee 
eal zs 
ie ba 
HEE 
eg 
SPE 
a ha 
a 
his 
i 
ny 
A | a 
| Noy 
1 = 
ee 
ACO 
a 
cI 
i 4 
ie EI 
fel ed 
EL ed 
a La 
A = 
a fo 
al & 
Ee fe 
ca PF 


Momertt coefficient, Cm 
es . . 
x 
Ny 

oT 
ta 
Pa 
ts 
La 
al 
= 
na 
ea 
| 3 
ay 
al 
a 
eal 
es 
ea 
a 
fl 
= 
| 
fa 
ta 
a 
zz 
| 
al 
ie 
| 
ES! 
Ee 


1 
N 
a 
ay 
& 
La 
fe 
A 
fea 
ES 
Ea 
pa 
ES 
a 
les 
Ed 
id 
aa 
ie 
fa 
Ea 
= 
ea 
ied 
si 
a 
Ee 
i 
ia 
a 
ie 
ta 
Ee 


24 16 8 0 8 16 24 32 
Section angle of attoch, &, Jeg: 


NACA 63-009 Wing Section 


APPENDIX IV 511 


036 
PE ee 





Es pets ga eas 
eae eee eee 


Section °S coefficiert, 


G Ls 

e PEt Tey TT ET Ee EE CT TTT TT rT ETT dT TEE TT TO 

E gpl ee Meal lbs cad ea eae lin lea tt TE ti Tite 
coh Po ey 






§- a elo slob ks Pe eee 
= LITT Titi ttt ei tEE_ EET TG Et 
@ tiiii tt | ial; Y Pee ke [espe aed oped 
O git ttt tt Epes pobots bed. dee pula 
~ “ELLE | logo | tase et | Tt p_tE_T TE ft 

ft | tt ft | | jaeo | | li ste 

tt | | | tt | Q@20e, simuloteg Pt ttt ft 
eZine te ppt 

See z ae 


pt ti ee Ca Eel 
ere 
mo Rt fet 
agp ttt? i tTiltitit tt trey te ee ee ee 
AG “he -8 -.4 0 4 8 Lé 1.6 
Section lift coefficient, C; 


NACA 63-009 Wing Section (Continued) 


of 


J t Omang i 
— & N) ~ 


Mamnent coefficient, 


J 
A 


Section lift coefficient, 


THEORY OF WING SECTIONS 


ee te ar ae ea 
pe eh eee ea et 
Pt ttt ttt wt ae TA Tt tT 


wee -O-ov, | | tt | tT tt 
pt tt tt Tt | OP og 6-0-o-denpal, 


ST Le 
PUPAE east tea IC Me Neate dei elec oh eee Acs a ed 
SE RER SSR’  RRERAEeE 4a eeeEeE 
foaled Oe Seah ale HAs le S)dahe leashed 


Ie 24 -/6 8 0 8 16 24 52 
Section angle of attack, &,, deg 


NACA 63-206 Wing Section 


APPENDIX IV 





ae aie TS 
ee ele tele oie te te eae 
Fe 
ieee alee (ebiieh Ilo lalale Ie lala | oles 
Sp ff 
MOM Mes Peder Se eee he i See eves Mea) ate ell, 
peg CCEEEE CECE LEE EEE EEC 
ee a ee ete ees a ee ee a ee 
Peale ceca Mabe ele ay pe ae 
pt tet tt tt ta Ee a 
pip le ae ee eee a 
Pee ple Ey I ae oy eee a 
Pe Ese oe ae ee er 

ee Rahs 


+ @ 


Section drag coefficient, Cz 
i 
fi 
| 
se 
iz 

el zx 
al ae eh 

; | me 
a 
Fs 
is 
[es 
& 
rd 
| 
= 
Pel 
ed 
fed 
fl 
a 


el Cpe ed Ez 

Fee ee eT eye testi eal eee 2 
“EEE 
Pit] ttt yt yt | ty | Oe oe a 
BEC E EE EEeEeeLCCL 






Pity tt tT et tT TET TT ET ET EEE Te 
ee ae Nee dekh fe ict et see spat ae talt deat tte dc ial 
oT |] tt te tty Ey Pt Tey tt 
eee ees / ee Pe D4 
aes (te le i tae eee 
o _ 3 Ft ttt 6.0 peal ee seb el ate! 
PET eT tt oe go [| | 254 fb -ore Tt tt 
PTT Tet 4 60_] | | Stangard roughbness|_ | | 1 1 tt 
eae de ee | | Q20c simulated d split flop deflected 60 | | {| |} |_| 
4 Hitt v GO ae ee. ttt ta 
BEPC PP 
Tete eee deed eo ae bee ieee ied Py tTtE ttt tty ft 


Se CCE EEE EEE CECE EEE 


513 


A.B “Le ~8 ~$ Q 4 8 lh? 1.6 


Section lift coefficient, c, 
NACA 63-206 Wing Section (Continued) 


514 THECRY OF WING SECTIONS 


~~ 
section lift coefficient, C, 
0 0) 

al 

ce 

= 

fm 

i 

P| 
Ee fl 
ftedc ye Sie aap 
lide! Ls 

Ee 

Ea 

ed 

eal 

Ben 

eae 

a 

S 

Ea 

Es 

[od 

ea 

Ea 


CO eee 
pCO CCRC 

CEC ee 
CUCCCECpapsepsiepeaahae CT 
RS 


S 


$ atte Pdr We ye oe ose qe kale 
5 ch toa ede pel =| 1 oP a role 
~ Sassen sa aol eye eed eee cele alee 
Seo) Mel Gai lel ti ee ee eo iy 
Se ciple ele Noy ile) esata eso yang 
* sea eee a ae sete, 
8 ea eel ene ee Ney Me hhc oe cl eed 
= Ei tok dol eo eed tlle Veoh abate toapol ed 
ha ee eee race ts ee Roe ar 
§ Poesy ee hee ede eee Mee tele ey si fees alias 
s Poets boo io ee ele 


t 
N 
t 
“ 
Q) 
eal 
Ea 
eu 
Ey 
a 
ei 
a 
al 
a 
al 
ia 
i 
aa 
a 
nd 
Lea 
hs 
La 
SS 


pe ft] pf 

Me eet 2 Ales MV 9) ile ede ole ele Weegee 

se ppl ee le a cl PE eT ea Ie Pee are 

mae “24 -/6 -8 Oo 8 16 24 32 
Section angle of attach, &, deg 


NACA 63-209 Wing Section 


APPENDIX IV O15 


098 













eit ttt tt tt) AAR 
pe eae EEE 

S dete tt welt 
* a 7 Cee 
Pipe te dl Sar eee bse 
Selene 

a attri eri 
“CO 2 y 6 8 10 el ee 


| ale COC 
TPIT eit 
itt Lt rt tt 
wees te CLT OP Peer totter Te es 


Section drag coefficiert, c, 
S 
ny 
ie) 
le 
fa 
i 
Ie 
i) 
z 
ale ia 
Acie ls plated 
19 |e Wake dg fa 
i 
a 
ea 
zi 
fa 
Le 
ie 
Ey 
fed 
a 
@ 
Biss 
is 
Ey 


ae B : 
es RY a een paper ALF pmeneaney : ae PS iaatonmee Vita ebe | ~ sommes?) omen ee oe 


LORE CST TE wo | 

Ee ele ee eee bol e iod eh Rol op fie iealal ae. | 
pte ee ee eee ode pleat ec aea espe ies 
eee cay eae oe ie epee aa 
f Pe ede eee alcholic | bay k letolie ed 
ole led eo Ae lel ec (eh ede ae teen! 


I ooiales seseeul I ee RahGnlegeal ey letede hel i lies eis 











ev Ur i iit Pe 
a a sO a 
Ge ToT saa asec esas ed alee eee 
gee | Reel irda 
ee oe ee ee 
6 {i]t tit | logo LTT Ty62 Foxe TTT TLE 
§ COT TT 60 
Sat Tf a20e sina ttlop detlected 60° | | | [|_| 
i 2 627 et 0 i 
lO a a a 


eee UMP N oP a ease 2 [eae eee eae el ae 

safe ee eee ce ele eed elle eal de ee 

6 AZ -8 -4 0 4 8 L2 LO 
Section lift coefficient, c, 


NACA 63-209 Wing Section (Continued) 


516 THEORY OF WING SECTIONS 


36 
Ee hee ee eh el eee ees 


ee oe el ee dee ie let ys 
ScnRn ae eee P 


Section lift coefficient, 
roy 
zi 
Pd 
3 
Ea 
= 
eal 
a 
i 
al 
es 
| La 
ote Epa 
ea re Se 
aa 
| 
ea 
fe 
i] 
| 
lied 
tesa 
ES 
Ed 
ial 
eal 
fs 
ed 
co 
ee 


P 7 ee eee ae 
Rea eee ee. Seer. Aaa eee eRe 
Sas ? wee | TT TT 


mon 

f, . 

' t 

&® >». 
a fed 
Ea i 
ed fet 
a ea 
ca is 
fal es 
= hed 
al 
el x 
fe ee 
Ll fess 
| eA Ee 
cual Ee 
¥ ~~ 
EJ |_| 

El | | | | | 

7 ie 
‘a Es 
2 e 
ce 
ES 
Bed fit 
east.) 
s 
i 
ee 
i ce 
eu 
a 
i a 
es ea 
a ie 
cI 4 


Moment coefficient, 
Ly 

a 

Np) 

Pty — 
eacapealeed i 
PT eet yy 
es 

Pelee bes 

on ee Oe 

Ree 

oe 

oe 

| | Pn 

is 

es 

ed 

ees 
2 

i 

ei 

fed 

a 

es 

= 

a 

= 

bal 

ie 

Ea 

= 

fel 

ES 

a 

Le 


eee ee ee Ee 
“5 “eg See ae ee 
; “32 ~24 -/ 8 O 8 16 24. 32 
Section angle of attack, &, deg 


NACA 63-210 Wing Section 


a ot Ph ei ig i a a ei he EN CuI teh re as PE Bae Ss Pulse hh A LN Be Ty he on bY sts th Rg sen Bi A nN hg FN yn EE eeneemeniememmmmnientimiesieenidiietaniens ie Titian itis desi ttd ee ean et dae a 
Be pn ie EE 


APPENDIX IV | 517 


as ia De 
a. SS 
2e 


esi 
O 2 4 6 8 to TTT 

Bie plese 
Ft 
peg eel Stee et Nee de tee alte 
Ce le ee alee ceo aoe 


036 
Ea eae) 
etapa tpt tt 

















Section drag coefficient, c, 
S 
N) 
= 
ae 
a 
ed 
2 
ie, 
fs 
| Ke let | tt 
IZ IZ UA. ae 
Al ttt tt ta tt 
es 
é 
eS 
S 
ES 
fe) 
a 
NY 
i 
sl 
NI 
ES 
Ma 
aa 
= 


Aa or} nt abo DORE 

keke eek eee eae eae eRREES 
sess Se eM ial ea ele ecaleeill Jp Neale pata eeee 
EEE 















a cee aman Sea hd 
8 Ite we 
< SCE Sibbald: 
ee i Mo ie 
eee TTT PL 
S (ei ee a i 1 60 
£ Ra leas ee simulated spitt rap detlecte ee dee 
=f LT Eat te aha 

ee Ey elon 


ia ee aaa 
a ee ee ee elo bale 
Ev Te ee eer 
Se Se eee eer 
16° “1.2 78 <4 Q F 8 12 1.6 
Section lift coefficient, e& 
NACA 63-210 Wing Section (Continued) 


018 


Oo 


“Teie 


! 
N 


Moment coefrticient, 
af 
GW 


A 


Section lift coefficient, C, 


THEORY OF WING SECTIONS 


ane | 
gOL EC CO 
"TTT T Terie ttt im 
CEPA 
COC CCC COC 
, ELECT eee ee PC 
CCC ee Se 
PEPE 


y a a 
spec es Ne Set cee ee al 1 ete esate eel 
sre Ape CSN Node) elo eter elec a cl cdl se Sle eee 
Rela eels ape ales lee ie | tal cele we Ig 
Dal eee eal Reagtea Wicaderd canes nce, ae Maeno cd dle es) 
eee deatteal ey eee ea ae eae 


eS SIC elcid ea ol ee ADS Weel lea ec 
pe se ere et eet eT she 
-32 -24 -/6 -8 O 8 16 24 32 
Section angle of attach, &,, deg. 


NACA 63;-012 Wing Section 


APPENDIX IV 519 


036 
ies ete alee 





feat eile eet ceca 

SEE ee 
Fee eee ler wae ee 
St tt tt 


i cd 
SHEE EEE EEE HAH 
RE A A 
PTT TAMNC TT TA ET ET TTT AVY 
CHORE AEE CEE Aa 
PUTT INGEN TTT OTT RA 
opai SiS TESS ALL 


Section drag coefrficien 
o 
nN 


ae 


PCC eee eee 
Cs et eee! fie cae Spe 
BE eeEeSer eRe 





Moment coefficient, c 


Rea yas ie ae Pee 
Pe ee ae ee ea ee Shobha ddd 
eR RE 
sta eect Wetec ese) ceed Ae eae Se eo Peles all aaa | 
-16 “he --B -.4 0 4 8 Le L6 
Section lift coerricient, &; 


NACA 63:-012 Wing Section (Continued) 


520 THEORY OF WING SECTIONS 
sc Se a A CG Oe 


eee Posten eee eal d 
eM eet ea ea 
feMe eae cee ieales atest ee eee Ves AE oe ape Ne We ef Sec sie 
ele 
ee 
Sake tees eee eee eee Sea eae 


SPN Te iertbea eek oleelies ie Veale ei Weal dec lal aes eels 
ete alee epee ee We ee eee pe te dete ec MeN a le eee 


Bal 

Gee ee ee POAC eee 
an ft Yd a hae Be TT 
Eeaee ese ae 


Section lift coef. ficient, C; 
Qo 
Ea 
x 
eal 
a 
a 
ee 
as 
ld 
Se eaiaek 
FECA Sse 
es) de she 
i 
Le 
Pa 
| 
PN 
ed 
P| 
EJ 
fed 
Ea 
a 
al 
a 
Cs 
ae 
an 


c a 
0 pats ORS Ie i 
| "EERE Nie 
PP TTT Te Pe botetentcnls Jn be lacks | a 
SHEE eet et 


. eae fes PHA ied oH See, 
>) eg LEE EER eel lll 
CTT TTT PS eas 
feo tee ped St tee le alee 
ad a a a GC O-PS 
Pa eee eee: eee eee ee 


I 

A 

~ 

YQ 
i 
a 
Ed 
ea 
a 
= 
= 
EY 
I 
iz 
ua 
i 
es 
ba 
a 
= 
les 
a 
= 
S 
i 
a 
Ld 
es 
ey 
fe! 
a 
i 
i 


Moment coefficient Cy 


-20 CECE EEE EEE rte or 
“JIE -O4 -/6 -8 o 8 16 C4 Je 
section angle of attack, &, deg 


NACA 621-212 Wing Section 


A 
rs 


APPENDIX IV 521 





| z 
x/e Pesto We eee lca 

ote  eleellee tenes tole ele gle asa feale rele doe alee dese sl 

pg te etd he ll a le edad ada 


c 


soo i) 
EEE EEE re 


Section drag coefficient, 

eS 

ze 

he 

im 

o 

ied 

2 

| / = 

/ Lz 
vy | iste alg 
fleas 

hy 

el 

= 

hs 

Ss 

Bi 

i 

gi 

S| 

i 

= 

fea 

es 

Ee 


pee i ed eee fehl 
1 tt pomp 1nd tf] DH -OE h-hh Le 
ed] —-—-s GD He 


HOO | 


ed a 
fee the lee eel ae ete eae eee deer eli 
sof Vecsdee Meg fe ete Med sa Mes es ee | einen fees edjealeer le 








c 

ie eS a ly ee 
gs, ees I oleae ee te elnal ae Va led sele ete Mie deeealed 
Se eS ee See eae oe Wee ee ale co ees 
eee eee eee Rese see ee 
ees ase reel edd Ve 
ed IO 20x10 OF6 Vey ee eae) oad 
Oe Oe fee eee tee eed 
I Se sole le 
| EE Sete ot 
= 


0 

een Pes el lei 
a ea ee ee ee re ea 
ees ects cat ohe baa ale ea eel ies 
eerie oer aio 

sete ao ae: Pee a ihe oie 
-/6 ~2 -8 ~f O F a le 16 

Section lift coefficient, ©, 


NACA 631-212 Wing Section (Continued) 


Le EN NU a eh RTE EAI TY REN bm 


o22 THEORY OF WING SECTIONS 


sa Pl 2 PG SO a DO 
See ie leceewe ieee eat dead eae a 
ea eal ade Leeda rca feaifesesilian ieeesta | dlogiales deeds eon tea ee feel shes 


spe t ie tt i ee ere. 
CTC se 
Cer a a I 
CECT eee 
oo LUCE errr Erie 
CCC eo 
CACC eC eee 


i et 
pee ees fe oh P| I DT py rt tle 
REE AH Veen 


°° 

+ i, 

® y 

Seiichi ia ee ats eats 

@ tL foe ls ie ed lo 

Ge ok ie ney ic eek etch hk 

eee etl | ely Ieee Mel ollalaes eos 

. i Beer cae The aa ee 
a Sati ee 

: ; 

a 


Tris 
CUTTY Pike er 

a) gE CECE dR arpa 
SMPTE a 
COP CCC RRA eee eee 


4 

las 
§ 

=~ 

Nj 
ie 
x 
le 
Ei 
x 
i 
a 
ie 
fe 
al 
es 
es 
es 
& 
es 
iz 
aa 
ie 
bad 
Ed 
fe 
ea 
i 
fo 
a 
a 
Eo 


4 
h 
oe 
® 
fe 
Es 
i 
Ed 
ie 
S 
Es 
Lal 
si 
= 
ie 
sei 
ee 
oe 
i 
Ed 
gi 
EA 
fs 
a 
Ea 
a 
Ey 
eS 
i 
ia 
ci 
iz 


Moment coefficient, Cm 


apes ese I Sle de Wald) dele Me We ae lee leg 
ER EE 
ee Me Teale feel Mea aes epee es a Me de ed Oeste 
-32 ~24 -/6 -8 0 8 16 24 32 
Section angle of attack, &, deg- 


NACA 631-412 Wing Section 


I 
VY) 


VE me mca lh rm A RA Ay es arp Pl A A a A aaa a a 


APPENDIX IV 








Pte | TT TT Ty eee 
or = eee ae 

y feet | | Pee eee 
= ere as ee et ed 
a a ae el ‘ es etd 
Pi tte? | | fy) Ae 

ae eee at eee 
0 e 4 6 8 IO A el 
ax) eit 


i a, Cz 


pip tele hee ee) tae 


TTT TTY Ya 
COTTER OAV 
CETTE NAT RCE ECA ev 
PEERS be a 

ear | 


S 
N 


Section drag coefficien 
a 
fe 
Es 
ie 
cal 
& 
ee 
ia 
teal 
fo 
A 
al 
Re 
Ea 
itd 
ow 
i 
Poe 
a 
@ 

N 


Ea ge g 4 eRe 

pe ee er ee 

Pit Sse CTW 
pt i | TT ehbto et 


D-LOr ee Le 
oagstttit tt ttt ty TTT Peer 


ze BEE ledecr Walco ee et ate Mele area Wt 
Seles See elec eed aed std at etc ed faked 
) Sarasa keer esse eee es ee 


v} 


a 
Cape ee) leo ae ol ideo 
eta led eee st] 





eo oe door doe im i ea 
Sree el oe Wea eae ae 
a oS A -T. 2095 N- e 
Sea dolor (oeOL | led lees ee ale 
Ste Lica 
e (TTT {4 é leis 
See Pde 
Se aed dee 
PAs sell eS a i 
Pics et eet ede Race el| circle ie ei 
eae ioe rei pep tor | oa tea 


SOL a eo oo 
=h6 He, ne -.4 Oo 4 8 lL2 16 
Section lift coefficient, e, 


NACA 631-412 Wing Section (Continued) 


523 


524 


Moment coefficient Cu, 
. & 4 


. 
D 


THEORY OF WING SECTIONS 


3. 
EA 


Section lift coefficient, Cy 


Pee de a 
POO 
Fe es a ae ance a aera Sg oS EE 











Otte CEE 
COOSA Ee 
rtd ee CCC Re CO 

cee eee Pel PP 
eR Bee ew Peer 
COOP eC i a 


aes z Pale 
SCOOT Ce 
Pitt tte tt eee 
Se ee Th ear |e 
eyo e Seed A Tee esl 
ptt It ft 












Lapel eee Raa 
Ps 
aft Cf te} 

i] Ae peel de ve see Pees e 4 
20 CECE EEE EEE EEE EHH 





=32 -24 ~/6 -8 0 8 16 24 32 


Section angle of attack, &, deg 
NACA 63:-015 Wing Section 





APPENDIX IV 525 


036 











CCT NSS CTS 
CHOC SS 







Section drag coefficient, cy 


Peco ees) eM esta Ve oe ied ea a led lee el baleen 
See eee eee position Paces else 
Ee ae ee 


7€f) 








2 a wey wel tT Ttt Prt yt 
CCP 6 20% 1.2707 -032 eee 
LE Te eof ere ger 
CEPT TT? 90 Cer) 1. ert sis 


Moment coeff, 






ee ee 

Peteideis Bhoidales 
eee Sibel ee etc 

Seer Oe 

eles al eal elo 





ee ete sd Sea OM aie ea ele et I ees sed 

(2 Je ee ea eee eee 

“16 “he -8 -4¢ O 4 8 1.2 L6 
Section lift coefficient, ¢, | 







NACA 632-015 Wing Section (Continued) 


O26 


eo 
hy 


Moment coefficient, Cy, 
Jt Jt 
A Ww 


4 
NH 


LHLORY OF WING SECTIONS 









PR, 

Ree a ste ofa ge Bo] TT TTT 
fel cae slat a I ee a Bese ies 
oe sett perry |} ttt 


Section lift coefficient, ¢,; 







MT 
eee es be ge 
Te a 
CPC T TP eet tba 
CCCer ye CTT Te 


eee eye ake ah peel es) 3) eb ieee eae eas 
St ee ee ee Nese eee a ead le ee ede eae 
-32 ~24 “16 -8 0 8 16 o4 32 
Section angle of attack, x, deg 


NACA 632-215 Wing Section 


Section drag coefticient, cy 


0 


Cn, ce 


ent, 


Z 


Moment coeffic 


a 


028 ie i 
O 2 4 6 8 10° Vo A eee el 
eae ES 


APPENDIX IV 





FCCP RR COCO ATT Ae 
Bele tee ae eee lly lee eee del 
PUAN NSS Dart eee 

le 


CCCCCCENS el CCP ASTI 
COCCCCCASAANCTC Cee 

POAEC CS 
COE a Ce 
CECE eee eee 
Bevel SST eal 


eg a 
Pease We Sees el Medea IC Pale Me seo ge deg eet) 
pale oleg ele [ett te Pa ee 
Peete ete tok Poet ht Ie ey sed 
hh LAB a Shh fe Patt] nk od » - 


a. Ni heed | od ind 
aren’. (Ls 
ry YY 


D p a 
PS 












3 
PEPE are ; 
eee Se lated split flap deflected 60°" | | {| | 
gic ea AT standorc/rougnness}+t TTT TTT 
el es Vee ee eo eck 
Reiter ee ic ore aed ses 
Pera he eek ieee eo ne (eed toa sie) 


eer dt | bd ee el dee 
“16 -/2 -8 =4 Q 4 i 4 16 


Section lift coefficient, ¢, 
NACA 632-215 Wing Section (Continued) 


527 


Vad 21iV0li2 Uk WING SLECLIONS 


36 
etisalat shee Seed Siacla Veale ieclefaa lac ile celeste tage edad aed 
po erp 
ERS Se eRe Esie3 


Section lift coefficien 
i 
ee 
eee ee diel sa oh elles! 
cs 
faa 
ia 
“T 
i 
ie 


ret 
Ny 
f 
O 
a 
EB 
a 
if 
i 
7 
a 
a 
fl 
S 
7 
a 
a 
irae 
Ede 
a 
a 
a 
fal 
i 
al 
i 
si 
a 
ie 
if 
a 
i 
a 


Moment coefficient, e 

Bu 

el 

ed 

iad 

SL 

pea a 
Ea 

z 

ea 

Ey 

a 

Ed 

a 

is 

bal 

fa 

i 

fa 


fecha ae ated ee i ee 
>) | ena ee eee eee eee EAE 
-32 -@4 16 -8 0 8 16 24 Ja 
Section angle of attack, &, deg 


NACA 632-415 Wing Section 


I 
ON 





Section drag coe f ficient, Cy 


Moment coef Were 


APPENDIX IV 


: os 
‘sel tiie ett tt tt tt 


CECE EERE 
SERN pee tee AL. Yip 


CCT CREST eee 
cos LCCC RPS re CT 
CECE See ee 


EEA See eRe eee eee eee eases 
ede NCIC a wer esata position| | | [ttt tt tt yt 
Ea Eales fea ee 


Ea es q ae yc pal coe ecae ie 

TT YT {| {1 lotzomo* | [264 T-ea3T | TT TT EET Tt To 
~3 |} tT} | yf [ea 60 204 CF eee | a ee 

TT TTT] [ [e992 7 [ [ fe62 1-0 pa | 

rT YT [fd i[ oF Stondard roughness 

Cc simulated split flap deflected 60° 

JCCCEC sg Cot rot Pee 

ire peal oe) See ee fatal [ates 


Ed oe 
err eer ee eee 
SEGRE SER SS eee SeeeeEeeeeeeeaee 

SB (cle ee ede hee |< the) es ee Te 
wAe) “AZ -8 -4 oO 4 8 L2 e 
Section lift coefficient, © 


NACA 632-415 Wing Section (Continued) 


529 


530 


Moment coefticient, Lmeyy 
a I | 
& Ww N 


f 
W 


Section lift coefficient, c, 


THEORY OF WING SECTIONS 


etal 
Se Oe Te ea ees cae aot ele se eee acca etal 
-32 -24 -/6 “8 0 8 16 od 32 
Section angle of attack, a, deg 


NACA 632-615 Wing Section 





APPENDIX IV 531 


O38 
Se ei iscccnane 
pa S| - 


— 


eee sr) 
pee ee eer 
pte rr tt ire 
OH a a OS 
a A 
Cee erie 
foe ei COTA 
COC 
Oa a 


Section drag coefficient, C4 


c. 


Moment coefficient o 


i 
ECC EEE ee 
“EE | | | | rapa to Poppa TOTO aro 6 
AC MeeE Op ies Sle ee eae eae et elie Meee ae lee ed 
eT eA ee eae eae ale led lee te lel letel ed e 
pare eee tee oleate ea ie ste a 
Peele Mesa] ttle tle @.€. position fase ee TE eye dc 
Mel aciel SMeScaI epee pte Ae siecle Nea gates! 
esheets) LE e0e M097 (a hoe A 
~3- LCL e 60 C1266 J-093 eee 
“TET |e 907 [7 Lesa" | -.040 dee ee et 
ala ne 
Pease eae 
LANE ales lle le eeecke ios 
Rea eee Eke See ee 
ee ee ele oat eed ed 
ee ail Nea ee Itde Na ested ae sled Veal Me ae eee Salle 
So Nee ion eed ae seed teep aol oa deleted 
“16 Le =o = Oo 4 a L2 46 
section lift coefficient, e, 


NACA 632-615 Wing Section (Continued) 


eal 
BePC ew 
y\-S ar 


VY 













e 
— 


0 


Mornent coefficient, Cr Ba 
* .! | 
nN i hy ~ 


1 
N 


LHEORY OF WING SECTIONS 


AC-7 TTTTITILILIL ILL LLELLLLLLLEELIILILT OL 
PTTL Eee eefePPeeee LLL LE LL LLL LiL LL 
Pee ee ol ied Ie clause iain 


Section lift coefficient, Cy 


Bieta 
COCCI Tete 
COCO CCC CTR ere 
COCO CeO ee 


Ee ee ee ee ee 
seo Ee ee eee 
"32-24-16 -8 o.6|.CO8 16 24 Je 

Section angle of attack, &, deg. 


NACA 633-018 Wing Section 


APPENDIX IV 533 


kt Reeket kickadad 
el ce 
Se re 


O 2 A O 8 105 fee WN ee ed 
a Skee 





03¢ 
ptt tt 






c 


4 












ee 
eee es 
Pi te eT TT TT 
gett Art t ttt tt 
mse Rae ahs aeaeeeeee 

Pease SESS eee 


Cy 


. 
* 







Pra IIIVI Itty itt et 
COAT CONC 
COANE RE Ce 
CORR aT 
COON CE eee 
CCCCRNCE TCS 
COCOONS SE pr 


ag coefficient, 
o 
eel 
m 
i) 













h Ome. o, 


ae 





Standord roughness 
on Cc simulated split flap deflected 60 TTT 

Aiseesel ala cd dees a 
4 ae ee ee ae ae aa 
Sc ba ee oe 
ol ie ack del ashore benoh ec 
SCL Tee LLP ooo 
“6 “Le -8: - 4 O 4 eo Le L6 

Section lift coefficient, ¢, 





Moment coefticien 
a 
ee 


NACA 633-018 Wing Section (Continued) 


O34 


of 


.t J yore J 
WN W& a) ~ 


Moment coefficient, Cm 


tr 


THLORY OF WING SECTIONS 


Mest he dec ee ip teic | Poh ps ER RERSS 
16 pe ee learel le plc Mele ded adel alli 
ae: ae eee 


Section lift coefficient, c 
a 
Ss 
ina 
Ea 
a 
ee 
ed 
id 
a 
ee 
a 
Es 
ni“ 
Sot 
ai 
= 
fie 
eal 
i 
17h 
| 
= 
a 
eS 
ed 
ba 
= 
a 
sal 
cal 
Ee 
Eee 
ie 
i 


x 
Ee ACCC eee 
SSS008/ (ees... <7 oer ee a 
CECT FT 
wf Leet ttt Pt eri 
CETTE 
Pisa itt ttt 
COC EEC REC 
je EE Cee 
CTC CTC 
CCCP se 
CACC eae 
weet ite 
COTA eee 
COC eee 
eee ct ee eT ree tet 
yet tlle lid 
pea eee er er 


Be Pee Nee owaiee Cieseel ea sfc aden los leiiCo Weed lead 
Pe ee Tee desde dal) ede ela dea el epee 
201 he ee eee ee ele ee yy 
-32 -24 -16 -8 0 8 16 oF Je 
Section angle of attack, &, deg 


NACA 633-218 Wing Section 


APPENDIX IV 035 


-036 
ole este sal diet eet 
Pied desk Mise 
ea eae deel ie) 





he Ele ede ead 
Eee aes) Ne eed cd lea Welle i ah sei ed 
je IE Lee) doe eet dee 
EME CSE esl e ale ties oe a de et IIe aed 


i neal rV 

CTS ee 

coe) CCAS OB 

| CCT Ret CCCP 
iti. 


Section drag coefficient, cy 
tel 
= 
fed 
z 
a 
es 
| 
be 

| Ct 

iL A 
| loge | Te 
Eds 

J 

id 

a 

i 

Es 

ES 

zi 

Eg 

No 

a 

es! 

Zl 

Ii 

Ea 

~ 

Ea 

is 


i he] 
Peas eI leh lesley eli eee le ted 
_o I FR @ >. .% N 


Or 419, O49, Og 9 -O-— a - O— 0 EO 
ei = CM Nee oy 


*a0. 


> 







-2 
fealty 


LETT Tt tie TT fe 
Ede | j.273 -oso] TT TTT TTT TT 
ze “04 ep 


: © 90 27/1 -04 
+t 6.0 Ht Standard roughness : 
eile 0.20c simulated ‘split flap deflected 60 


Ee ole ee SCE cee 
- St rd roughn 

Plea ee ee oe eae 

Pe Ieee ici ered Weeder 

ted dei ele delat or ieee ee ete 

SLi LITT? tT Te TTT PT Prry Py ty ry rrr frit 

-16 “2 ~8 -~4 QO 4 We l2 16 
Section lift coefficient, ec, 












Moment coefficient co 
i 
as 
eel 
Ea 

I Pelecle) 
El 
iS 
OQ 
OS 
ad 
ie 
iz 
Ng 
NS 


NACA 633-218 Wing Section (Continued) 





036 | THEORY OF WING SECTIONS 


36 
Re esdieat Ieee cla ashe cole temic tase el Wc coe eal 
Ht ft 


eect ie enlace sea 
Pip a ere lel Se el tea tes Mot te eee desea deol 
Rae ePae vA 


Section lift coefficient, C, 

8) 

x 

ESlcd is 
ie ae ea 
a [sited Ld 

es 

es 

led 

Ea 

ea 

a 

RS 


eats! ted | € Pe bed ee iets! 
pO ye 
PTT TTT TTT Shit PE tT EE 
Oo yf UE Tit CRO Oc bial en ae 
PE ETT ETE ELE LTT YL LTR eRe Ried Et tt 
Se ed ea eek ee eal ee teat 


Moment coefficient, Cn 
S us 
~ N 
o N\) 
aoe 
Pll dacpesed! Edhea 
eee aal Es 
aaa a 
a 
Pe 
i 
= 
ey 
ieee 
fe 
HEE 
alsa ollie 
east 
fale teed 
al 
cd 
be 
So 
fea 
az 
be 
a 
Es 
Ew 
4 
~ ie 
alee 


if 
WN 


Pepe eee deals eae eee eA slog) aie eee ya 
“32 -24 -16 -8 O 8 16 24 ae. 
Section angle of attack, &, deg 


NACA 633-418 Wing Section 


APPENDIX IV 537 





| ae Pe oe ea 
Po ee else Learner 
pag ee reed dea ele tad dee eds ete ea ed 


ee OH me 
CACTI 


Section drag coefficient, Cy 
[i 
Ea 
a 
ES 
0) 
i 
<A 
fa 
, fe! 
VAAL TI | LAr e 
Wat tt ier i 
r, Eye 
a 
= 
Es 
ia 
les 
ea 
Es 
mw 
LS 
ea 
2 
& 
NS 
Xx 
Ey 
iz 


A te 4 eal a tL! oe eee 
P Pape PO 1OT 
af 
ee fem ptt Be sao | | | | tt tt 


Bees tec cemcrec cima aeie 
APRnct ice miG i ciebe ent ielel de 
CCC edb tel et et laloadast dl 


ps Gy ax 
ee eee eral 
ee ee eee ea eee ey 
Ce er eee ee pe ec eae) pp de ie 
Peele eee ee oh ded ee eee ee ele te 


Cm, 








Sate eee eee ee ail ol deb tecca ade tele 
G 22 

> LLLLETLIT TTT TTT ae position. TTT TT TT TT 
* Litt tit tT TTaAtLi tl wey, wel | |i Piety tt i el 
8 CITT Io sono] 27eT-os2- Te 
GS _s-i 11 ttt jo A | | | -27/ | ~05 ; RD Eee ale ee Aan sde ade te 
s “PT TTT ET [¢ 287 [ [ [eve 1-05 PET ett et 
ne oe ee es 
g fle O20c simulated split flap deflected 60 ; eas 
< 4 Ha tondord roughnes phd te 


: ee ead i 
eM fecal ecUlccaleeclica|ieel cco cell ele tmeclenc aud lee eae Meatless) celeclbeco Sede Meee 
Mca Neale ens Vargiclle ales ae hee ete Tei ae ae see 
eT ie ee a a ot ea 
“16 he -6 “4 0 4 8 Le LO 
Section lift coefficient, ¢ 


NACA 633-418 Wing Section (Continued) 


538 


! .! | 
7 wy N) 


Moment coefficient, Cr 


4 
WN 


THEORY OF WING SECTIONS 


SLi eee ec  e LL ee oe 
CO eee 
Cr BAPE 

ie to SF PO Oe 
PEE EEE EEE 
Paste de del a alc ede ea ee eis eh ek 
CEE EEE eee 


28 CECE 
I pee etal ele al dices lcall alee Meal scale tea ell ec cat D a aa 
EEA Meo Se ee ee eee eee a 
Bylo ae Weleda Wale Weel Neel aaah deel ote lal 
“TEE EEEEEEE EEE A 
Pesach Ne Si eine ele del Acie ew ee SE es 
CEE EEE pap aca eNec ale) uh gdemleale edna 
ple eee sles ealetea eee oe puede) sal UL es eal op acy 
ore Mel ee Meese aca alee ale elec aaa ees 
ee heel Mi cl eae Ws eI ce SN eS ae ee eee 

Pet Slee ec 






















y 
EC aT 
Veloce et Vee el ee eee delle le 
Ce fh 


Ny 


Section lift coefficient, % 






; q ze 
/. 
: HHH Cell tem ttt Trlt 
coe ee ee 
i SCE eee 
aR 
a a Sa 
CECE ECE EEC ECE EEE EEE 


SEE EEE 
Pol Nee ae dos he a ee ee ees 
=Je ~24 -/6 “8 0 8 (6 24 J2 
Section angle of attack, @o,deg 


NACA 633-618 Wing Section 








APPENDIX IV 539 







‘EEE “ae 
Se eats 
rT i | [| | [ce Ae 
¥ 9 Raed) eo ie ie 
pf ft Ee elec 
eee | ll ech Pooler Las 
“= Paes (es 

2 ee te eae 
O 2 y 6 6 7 a 
z/e Pion toc 

tee ih ede clei fae einige io 


Section drag coefficient, Ce 
esd 
Ef 
led 
i 
lee 
[2 
D 
| es 
tT ltr AT I 
es ahs Le 
ES 
Ea 
fi 
cs 
i 
a 
Ea 
Es 
— 
e 
aa 
Ed 
ES 
Ss 
fee 
ls! 


ea ee ee a re ree ee 
~/ | [pp Ori hOetndetod GDP oc OE | 
Oe eee aa Id el laa lest tc ahead a fel) 





gee Pe Tete le ese eesre ME Neee oleae ie es eee deca 
Pap ee icici a acorn Toon a 
Oasis Ne all Pile oo oe 
< Eta peel lan oe 
% TT fo 2 -oe;TT{TPTTt Petree 
o.3- 11 TTT lo eo] TI 1.266 

ee ee 
o ree a 

§ Cooccri ica 
$ TTT ET 


Pi ES Ee slee 
ped Te Mele Ne aledle geetoa ede aed eae tld acl ial eae « 
aati tho aes aici) Met obedes ne ogee ice aica 
Sse eee ek tole ede deed 
-16 =e “8 -4 O 4 .8 Le LO 
Section lift coefficient, e, 


NACA 633-618 Wing Section (Continued) 


540 


.! 
~ 


, oH 
N) 


. 
Wy 


wt 
A 


Moment coefficient, c 


wt 
6, 


Section lift coefficient, ¢, 


THEORY OF WING SECTIONS 


iy et ol sole Se ee olay ees ae lope ele eo eel sles esl 
~ FERC EE HAH 


CECE ECE a 

2S 
CECE boobs 
COE ECE 


tet Tt TT Rae’ ead 
aot ee 
HA 


“Je -24 “16 -8 0 8 16 oF s2 
Section angle of attack, &, deg 


NACA 634-021 Wing Section 


APPENDIX IV 541 


PTT "Ee 
rT i | | | ee eo peice | 


No 








a 
SN eae Perils see aes ee 
Ne ieee! Per eee 
eae 
Z else 
“0 2 4 a 6 8 10° ee 


Ee 
Ee Mcalnes Ue eSle Me cashes [ease att acs) leet) spe aes Whee es Meco deaeliad 
eset edhe Mccall io) et cl rg ees yeaa eed Shel Aico al 


Section drag coefficient, Cz 
Eg 
aa 
. 
| 
? 
ie 
Ey 
| te Ed) 
Pee en ra Ea 
El 
si 
ie 
fe 
= 
ee 
be 
2 
ie 
Be 
(a 
ial 
= 
ed 
i 


oo HEE ee 
| CEE ECE ESSEC EEA 
CCPC Reactor Spa 
CCC Seer 
Wg ett te Ct 
He pe 





9 

& Pe See ec alee tacliee) ca We Mee a cle seed rea 
oe fetes eae TE IAEA hie a betes ean 
Spe ae a a Oe 
Ce C. pet 
oe. Meshea Meee ee ede Sle cl a a| eee e ee eeaeeea 
ee ete one ae . fs eeedtl) alee ie ea a 
ee ee 20 | 1.27 0 Pea Ree eeeee 
~~ Jit i ) eva 
Oe tected erseolae 

Seed Poets 
SESE 28 eae CEE 


Beate aie 
Pe ee AL NaN eM aalec alle Pre eee olathe ala ele ae peels 
jae ee 
26 ad Ve Wee Alea oe epee 
“16 She 30 =e + 8 l2 16 
Section lift cas ficient, C, 


NACA 63,-021 Wing Section (Continued) 


Na ee NB Ec i PI es tet) EN St nn PR wt a hi SBN AN 5 Tee ey tye 


542 


C. 


see 
MN 


at | 
A Uy) 


Moment? coefficient, Cm 


“a 
WD 


Section lift coefficient, e, 


THEORY OF WING SECTIONS 





eit o ete eee ere 
Cee Cee cr CC 
COPECO 

aes Pet ee leas els eal SI 

ott ae a (CV 
PEE 
CECE ert a SO i 
PTT Pet te oem wee 

Lee Le 
eee c Coo 
naen eee A iB = 
COCO ay om 

Preaies ea BT 
as | Pe 
rrr oe 
CCCCEE CCE ert RE 
COO 





Zi Seas 
Nea Male eat eal el plese eee lel 
cle eee ale ae ale | eve eh en ae sete 
POP ee 

Ee eek 















Toe 
giclee eT eeagy | ey 
Pe PA Cy 7 ree ed ie 
PT Tey TTT YT TT Tho Do 
feats in PPO i al 


y 






Ce 
mee: = — 








Jr CECE Eee 
Pret etl  m  e 
Pret ie 

FLCC 

ee sees Roepe || 1111 Pt 
TCP LTP ere tr 
Prarie t ter rh ae ee ed 


oe eae ie elses tel hee ie ea lee le Pee ae eae ae) ed 
eT Pete Wefeies| Mosse deo a) cite nee aie ee ce ede ie geieaes 
+32 ~24 -/6 78 0 8 16 24 32 
Section angle of attack, &o, ceg 


NACA 63.-221 Wing Section 


APPENDIX IV 043 


038 
Eee por ee 





fo El 
See a Oe oe eee ae 
Ss le Sete 
Pei aeae eesti cit oe ee ital 
oe FETT 
eu oval ala eal aa toe ied ee ed leh 
See eas hee ei 


< Cor VOC a 
ooo HEE 


Section drag coefficient, e, 

hs 

fa 

ta 

il 
a 48pe agi Ee 
a Ont i 
fe eee 

> 

i 

fea 

a 

La 

a 

iz 


ae = as a ee eee ee ee “as 


8 p< : ‘ TP Orem 


eee le a Pa eS cle 
spf Te ie ed ea eee ahd lh ld 
3 et ha ae ie pe Wt Sl eh 





Moment coefticiert 
al 
aa 
3 
el 
ia 
8 
2 

gees ap 

TT 

: El 
Ea 
i 
= 
es 
od 
Lee 
LS 
zi 
ey 
Es 


AEE ere eee PEEP 

i ee er 

CEPT eee 

EO aS oA a na a 

SEITTCCeeecececeeceg) 

“16 “L2 “8 a4 o 4 a 2 .6 
Section lif? coefficient, e 


NACA 634-221 Wing Section (Continued) 


Ar rr rr rr 
+1 Ap atl eal eS TET YEE RAN dln 


544 


c/4 


t I .! 
A Wy N 


Moment coefficient, Cn 


J 
H 


LHLORY OF WING SECTIONS 


26 
Pee Me Vee eal lease Medea swede leeds) 
Pee Me eta Need ea eal leds es sae vedere hea it a He Magee 


oH ie CYC 
re EEE eee 
dO 
POC Cee 
etter. oboe TL 


Gera Bre 
PEPE Car 
sO CCC Oe 
“COPE EEC 

Seles Je) hao ek eee 
Vee calle Poa ae 


Section lft coefficien 
a ale lied 
F fed 
ES 


ee ae hese ee aaa Wee Ma ale al dele det ete 
pees ea ee ede ited edt es 
ad aes at eet eae es) eed Mell sie ese dl apadeeg ol eM lee 
OT Sg i elo te year a ar 
Pit tT Pit Ty Roe rrr 
pa ee ee ro ol ee fl veel teats 


ees 
NEE fa al 
2s IN | | elena ite ten de ected oi We dich. deck 
9 Ey aebs Oe eer ea eel el i 


CCE 
2 COT Pe 
HEEEC Ee eee rrr 


Paledes eli 
CH ae GS Se 
“32 -24 -/6 * 0. g 16 c4 32 
Section angle of attack, &, deg 


NACA 638,-421 Wing Section 


wn ee ea 


APPENDIX IV 545 





!, Cz 


Section drag coefticien 
D 
nD 
| 
eee 
alg 
he 
cal 
Peles pee fetes 
eaelik st te ie p 
|} pL AT Lhe 
— 
= 
Et! 
fet 
Le ae 
A_| 
r | 
ee 
Ee 
| 
al 
aT 
A 
cs 
TT 
es 
ci 
iz 
Ee 
Std 
SS 
eels 
ae 


a Be RACE i a ‘ 
coos ECE oc 
CEPT eC ATT 
COCR RESORT ATCCT 
CCT MRSS 
Ae ela ie ae ea 
Polen ote ket loi uel salient 


See aSe a 
pee Te Tele et dec Meee eda bes ale ok ped 
Ee a te ieee eee, ee ap be 
ee ele! 
Cl el PO POO SEED 
yee Ubl tee al ade Us sy oie deat ae eels allt ak he 
MM eee Mitaeeecelen ete Sloe lets ea oat egal ale) les 
lee Pe ed ee eu le eee a 
ee ea eS ed ed eee bales 


Cc 








ee ee eae Mel telod h cae Wee dole 
eTCEEEEEE GH Pepa eo 
4 t c y, 
3 | | ttt ft to 20x/os | [275 BOC tts ol a dP eo | 
Da eels oO eb ete nde 
+ CLOT | ie OO 
o LL itt] I. oes 
Seles desi 
oe le al 
nee a eee ee dd 
ee ror Wee ieee hepato le dedaede (ore pe l eae | 
Pe esha cla lelede sea lel al parce de ee oe le, Paulo ho 


a 
eee eee ease seees eee 
“1.6 he =O -4 0 4 8 hé 16 
Section lift coefficient, c 


NACA 63,-421 Wing Section (Continued) 





546 THEORY OF WING SECTIONS 





0. ne camiaatcad 
. flap deflected 
R 

V7 6 =x 106 ce 
7 Standard roughness | c 7 ” 
- x oe pas 





re 









secapave 


sete bore ese weer. - Be e+ Ge oe Bo oe oh Oe so wre Gee © 


1.2 


+H Hp fn 
“Th A 
cane oft 









t 













“eee gfe | 
01 gaa a ee 

eee ee cae eae 

2 alge EEE Goon 108 
0 cael 


Section lift coefficient, ¢; 





ot Ee att mapeett tet 
cee REECE a AR 
| Corre PERE eee EEE EL EEE CE 
von clipe Deca 




















flap poetectes 60° 





Moment coefficient, Cme/4 


a Coe RSet CEE EEE 

- nas FLEE PR EEE EEE 

ee ee . pb defend abt 
0.20c simulated split - = 

SER GEeeeaee 


cuenta 

~24 -16 ~§ 0 8 16 24 32 
Section angle of attack, %, deg. 

NACA 63A010 Wing Section 


Section drag coefficient, cy 


0.032 
ee iste eee ee 
ae es 


HL; aeebettere 
0.028 ee re 


0.016 ; aoe 
EP Tae | 


0.008 FT ya 
| 


qed ste be mfett 


Moment coefficient, emg ¢ 


APPENDIX IV 547 
APH 
=e 

eT | 































oe Serre 
0.024 tp ape 4 
aucesanee erareceees 
* | Re 
0.020 F-+— ga ananEe ane 
? nae cme 


TANTS 
6.0 x 106 TERE 


SECCCEPDE ENP Ney 
ty 























ia aa 
Ae ee De 

















sal EEE A EP 
PCPA eR 
| 


CCCs Be eee 
enh le AE tpi] ee 
Scr heee er ae ere 
beter ete eee 
Slits ae ten tet te 


el td 
ee 
pte pae 







































08 EE EE ee 










EEEEEEEEE 
ECC HEE 









03 ae EEE Tbe 
PRR BE ere eee Ee ere 





~16 —-12 -08 -0.4 0 0.4 0.8 1.2 1.6 
Section lift coefficient, c, 
NACA 63A010 Wing Section (Continued) 


0.1 

0 

E 

© 

€ -01 

2 

iS 

O 

S02 

S 

e 

e 

° 

= 0.3 
-0.4 


Section lift coefficient, c; 


THEORY OF WING SECTIONS 


10. 


re (Creer 
Sy r 





., Oo 200. simulated 8 lit 












20¢ simulated Lit ° 
flap deflected 60° 





vy 6 x 106 







aCe 

PER GA e baie Eee EE 
See Ae a eee 
pe PEEP EE ETH 


He 


ro olan RAS imi PEN 
, 







oo er oy 





6.0 x1 













cc 
Eber a 


flap deflected 60° 





-16 -§ 0 
Section angle of attack, a, deg. 
NACA 63A210 Wing Section 


ndard oe i: 


t 
a ss a ‘a eae aie 


eT 
LERER CEE peri 
8 16 = 









32 


Section drag coefficient, cy 


Moment coefficient, cm, . 


APPENDIX IV 049 











0. 032 > ae ce 
a a eeeeguaceesreee a5 
fe Se 
ed a 


enee 
eae 
eens 
wt ool 















0.028 | 












aa eee saree 


0.024 = 
| EESEES Beh 

















SE ao NE 
ere er Ak coo 
0.012 are NA Ped 


fatten See Ae 
0.008 E ae 


! 
{ 
i 





















ef ds vy age tt 
“Seg ra 









ne 










ese eerie tea 
d cdangee! sueee usaeenGunsanecra? 
CC ee oe 





etl ts) uke pede to 
ef ett a aes gt tee eet poh eotetan 











esse ponteicn 7 
R x/¥ y/o: 


/ © 9.0-*% 106 2 ~ 02 
Q 6.0 25 «03 
© 3.0 























02 GEE 
Pitt tt 
See 
-16 -12°-08 -04 0 O04 O08 12 18 


tet h fe 

ape edagi bet 

5 fib othe 

er ep PEPE | 
Section lift coefficient, Cy 

NACA 63A210 Wing Section (Continued) 


550 


c/4 
a at .! .t 
SS lo N) ~ 


Moment coerriciennt, Cu 


.t 
W 


Section lift coefficient, c, 


THEORY OF WING SECTIONS 


3.6 
eae sled ees ee eal leas eh eae aves MP elatey y 
anette tle eed Nes (eie ese deme ie ies ote le eee le nea isa, 


a 

So ee a 
> EERE CEE EEE EEE 
Spt eg Tete el te i et 


ft tt tet tt ie ttt et 
ceca et et ale Oe B ted} —| | 
ei ceed aerecdac | CECE Tee 


ie 
er ee ee 
SEE EEE EEE EES EEE 
Att a 


PO eet ee a ee 
-32  -24 -16 -8 O 8 16 24 32 
Section angle of attach, %, deg 


NACA 64-006 Wing Section 





02444 aM esos ales lees 


Section crag coefficient, C, 


APPENDIX IV ool 


O36 


Marri 
Priel 
Perri 
geri ri tt 
SET t es 


q 
7 | 
Fe Us GE PRE Teco) 
ECCS BEE PEC ee 
CTP TTT TTT ele rae pote 
LTT TPT MS err Tet 
sg re BAe 
Esitech Lee epee dal ecbslel or paca 
Far he tee Se seelet pee iar 


Cc. 
Mac, 


Moment coefticierrt, 


ote a ae ie ec iel ae aed 






PEPE Peer Piatti 
SECC C ere oe 
Cer [12597 [- 068 Tee 
ELT sa 71258 PL 
CEP er ie set} CATT 
Pe er 
er ds Cer 
aCLEEET ie 
ene io 


ee el aes fetal 
vee eae ere MMe eak deel dee ital 
aes ede dees eae ale de ele ee 
ested ei alee ee oe bobo 
“16 ee -8 -4 0 4 8 Le L6 
Section lift coefficient, ¢, 


NACA 64-006 Wing Section (Continued) 


ao2 PHEORY OF WING SECTIONS 


fee eee ae. sche ae oe ee 
He 


Cee Goce A CCE 
QoL 
i te We G2 a 
Clee rena let vay i ean aa cleo) ede alee icgielary 
COC CECE CE 
o |= gQ DEC eee 
NTT Le rere [PT 


Section lift coefticient, ¢, 


erg 
~—e 
{ 
h 

EN 

elcid 

ed aed 

ze 
fe 
he 
a 

Py 

nA | 

ft] | 

a | [) 

steal 

a! 

tt 

eects 

es 
A 

Paled 3 

| | Ss 

ie 

ed 

fey 

Le 

lea 

C4 

La 

4 


LU Etta CC 
COC a ar 
COCO Seer 


i | 

wy hy 

™ | 

iy % 
es 
es 
a 
Paes 
Lass 
El 
es 
a 
Ld 

a 

= 

= 

Ea 

z 

i 

Ea 


{ 
‘A 
a 
od 
ea 
lead 
ie 
a 
is 
fea 
fed 
es 
a 
a 
Ea 
fal 
i 
e 
= 
les 
ed 
Ld 
‘a 
ee 
= 
I 
P 
a 
Ee 
i 


Moment coefficient, c 


rE) ICCA fe ale Ie Sec cet NI a oh eed edo elena 

Nise led ie Me etal ses eee dhl ede abe 

= Je ~24 =/6 -8 0 8 16 &4 32 
Section angle of attach, Kg, deg 


NACA 64-009 Wing Section 


x) 
Vy 


APPENDIX IV 003 


OS 

elie elec 
Pe dee 
Pe bop 










te ee eae al ic cle te 

Sa del ee eae date Ie Leeder 
eet ee eet ie deck lables 
eee de eerie seal | esi kal eek 
Pepe eae oe 
2 ee ace el Dolce kato 
© fA ee fei ieee | 
S [ETT lo 20x08 Oe la A ee esl 
6-39, TT TTT lo aol TT [260 J-002 FT Tt 
* “ETT TTT? 90 7 7-262 4-.027 Cede 
Seek REzeae 
Be ete cules fea al 
See Renee eeee 
orca cies ore e) 
Eu stderr alee 
Stree Nae ee hashed ay eid 


ees eae Weds de See eet at ese ao 
“16 “Le 20 -.4 Qo 4 8 12 16 
Section lift coefficient. ¢, 


NACA 64-009 Wing Section (Continued) 


of 


c/4 


Moment coefticient c., 
? wt be 
o® w Ny 


a. 
py 


THEORY OF WING SECTIONS 


°c Pia 
ee ee eal Velie 
Sa ee else al ieee) aa 
see EEE EE EEE 


Section lift coetticient, ¢, 


=e ~24 -16 -8 0 8 16 24 32 
Section angle of attack, &, deg 


NACA 64-108 Wing Section 





coetticient, C4 


Section drag 


APPENDIX IV BBS 


Coben 


Ob gt 


“a.¢ 
ca 
fe 
ES 
Ls 
el 
eal 
ie 
aa 
a 
ies 
= 
ed 


Moment coefficient, ¢ 





fettedlle MH ecM sah Ce pate eS 
rrr rrr i 
yt ft ft 
af ee es ee he Seed eed ere te Wee deere | a) 
“16 a1 a0 -4 O 4 8 L2 L6 
Section lift coefficient, €; 


NACA 64-108 Wing Section (Continued) 


c/4 
or ot .t 1 
A ly Ny ~ 


Moment coefficient, On 


f 
WY 


}tte hoa 


Section lift coefficient, ce, 


THEORY OF WING SECTIONS 


su ee. LO 
nF ee ee te Meee eed oetel ele eae ae 


a 


a TT | ares Tee cl 
Piette re TTI ASN 
= SOE EEE ECE 


ees pe Meise odes 
Paver eee esheets feel Veale deaees) alee) 
pO NT el le ela fede 
~3e ~24. “16 -8 oO 8 16 24 32 
Section angle of attack, o,deg 


NACA 64-110 Wing Section 


bile g om 

we wdy 7 

‘ yf e os 

APPENDIX IV off Bs7 SES 

! a 

~ 2 WES 

~ LTTTTTTTT NY, . 
Peri p eap do ae 






J 






> 









peel ae 
O 2 4% 8 LO ett 
Eade ee eke ok ee) dee rll 
oz¢ tt 


coefficient, Cz 

S 
Ey 

x 

al 

es 

pal 

ca 

Ea 

ea 

Es 

| ey 
eed 
re 
ea 

i 

ae 

fl 

i 

Ed 

ei 

EI 

z 

Es 

a 

< 

ro 

Fs 

Ci 







ST ar ii VE 
RTT PTS ee 
CTT ONS IN CEE ee Te 

oes CCS EPEC 

COCCI eee 
oS seorol | TTT 
or aT 







Section drag 























S 
BS 
Ee 


eS 
ict ee el eee teed ei ll 
PL tel lon eT tl et bh eB 
ashes setae ee eee ee eee wee ese 
es Meh tend lade al al aaa pel ea erect lian ea ee 


sep eee ee et a fe eles eed ele ded ie 


0 

é fa elected cele ett edeac dss cole i ell alae ied ede 

Ee alee a eee leas oletlaao esltcale Va den) 

ic eh lee 

Y 

Q Ree eae ela 
ge NNN A fe sf ls | fete) 


Moment coeff. 


err 


Ed 
ala Megiea es 

Re Pe Seles eae ee ie Te ete edad de erica eae 
a5 tae ee ea a eee 
“AO she “8 ~4 O 4 8 L2 16 
section lift coefficient, c, 


NACA 64-110 Wing Section (Continued) 





ef 
™ 


c/4 


N 


Moment coefficient, Cy 
at 
NY 


J 
WA 


Section lift coefficient, e, 


LULORY OF WING SECTIONS 


ieee hae elo ee ee 
Pe ae CL cle Ile ale eee ie os 
Beceem ceric ce cde ra 
ett 
ACO eee 


CC CCC eae CCT 
COOL CCC GCP ee 
JCC OCC Ee 
477 CC CCC CBC eC 
COCO CCC 
COC ee CCC Ce 
CCL 
CeCe 
CECE ee 
PrP i 
.2-COOCEE 


en 2 
Bele asl slat lea eS ele lel Ioste tie 
lee ea eo adel erica ee utes 
ae QOLLCE CCC 
2 Se a 


Lhe ase hes Ree See eee REA 
fears ee Nested te Se danse abd MIS ele aseeale eal al ale lead cal 
Pole td Wie eee ee ele Se deo ai Ad 
“32 -24 “WG -8 _O 8 16 24 32 
Section angle of attack, &,, deg 


NACA 64-206 Wing Section 


APPENDIX IV 559 











eel aps 
Rae RRES pee 
att tit yy) Geer 
Q ee ee nets 032 
“CELL LDN) “HERE 
/ ea ioe 
TET ELEY) Aero 
i eee eT eres) 





hie 
O a 4 6 8 (ON ea | 
z/e Eee eee ie ies 
ol FG a dH OY a Gt A a Ga 
Ga fea Ss adele aed ana 
SEE EEE EEE HEEE EEE 


fea a 
oe Selle eho 
Ena ed eave Me | 


Section drag coefficient, C4 
lea 
tal ia eed 
i ee fed 
a ie ee a a ina 
- 
a 
fae 
fhe 
4 
bil 
Eo 


hd 
Leet dete toe aes, ks eee ae eee See 
fale ee odd op lodged SIE 


EU ee eae I Sleeape icles) 


j ( ee ee Pl 


Cm, o. 
rae 
a 
ae ae 
= 
eee 
St 
ae 
ied) 
Lie 
Ee 
a 
ed 
ae 
fae 

hes) 

eu 

= 


f, 





oe 

SS oe ein cas ea 
le ede Malady Weel wel | TT TTT; 
® [TTT lo%onuos Peeled eile ha 
Gude e@eg ta ia 254 Re ieee 
eee hae 
E aot O20c simuloted Split flap deflected 60° tt 
= ics 


6.0 
CECE ET Ts 68 HAR or 
. Standard rough 


es eed 
EM the Meso: ae a ele eae ales 
eee A a eae esta yd ta 
Pete Neel aes eal ee pel oe aed 
1.6 i ne -.4 Oo 4 8 h2 L6 
Section lift coefficient, c, 


NACA 64-206 Wing Section (Continued) 


RO tee er EOP daha rER | PPR AAEY AFORE erat rere erer rs meron 
5 A a a I - 


560 


/4 


Sf} 


Moment coerticient Cp 
J whe J 
t W Q\) 


J 
iy 


LPHEORY OF WING SECTIONS 


» EEEEEEEEEE EEE 
ee eee el seid get otek a Eee 
eee ee eo ied Ho 


Section lift coefficient, c, 

& 

[ae 

= 

id 

El 

i 

nt 

bil 
7 

el NS ed 

is 

Ee 

foal 

5 

ye 

eal 

ie 

al 

Ee 

te 

a 

& 

fe 

Ee 


Eee ale sled ele fe teed ae le Secures 
oO sige eee iene 
- oe -2¢ “16 -8 0 8 16 o4 32 


Section angle of ‘attack, &,dey 
NACA 64-208 Wing Section 


APPENDIX IV 


Ny 














OIE 
eee eae pet 
Pt TT TTT Ty] Pec 
: +t tT 2 Se 
ple po Oa eden 
ee 
et bao ioe 
(LL EEE ry) fee 
sl gee es seeps 
O 2 4° 8 1.0 —cCHHHH A 
See 
SEE eee eet 


24H 
See Eee ee oa ala 
a 


t, 
Ea 
Es) 
bal 
a 
na 
fal 
ed 
Es 
ic 
Ls 
es! 
EA 
a 
ee 
fe 
Ea 
Ea 
Ey 
a 
Ea 
Ea 
id 
cy 


S 
= 
ie 
7 
a 
2 
es 
7 
_ 
i 
= 
a 
is 
ae 
a 
Bi 
Ever 

BE 
Ez 
eS 
is 
is 
ri 
i 
5 
eS 
e 
a 
is 
. 
a 
EI 


VU 
cr 


bs ee 
pales ee 
pees 
4 al 


d 
& 
a 
5 
a 
Ee 
Ey 
= 
if 
Wa 
Pp 
Ss 
a 
felsic: 
XT 


Section drag coefticien 
5 
Rd i Es 
pe So eral cael aot 
es tee a os 
et 
Ey 
= 
fe 
faa 
es 
ra 
= 
ae 
Ela aed 
oe ee 
| PT Pe 
Lt SRA TT 
CTT pa 
CTC 
BPA 
- % 
el 
es 
feelecdie t1 
oe i 
mee 
Ee gales! 
i Tt 


es 
1 


« 
hand 
3 
y 


Eales 
Eales 
halal 
tif 
es! 
i: 
Eee 
Ee 
ees 
Ree 
ca 
Ss 
Es 
i 


"ec. 










Ea 
as 
edhe 
Pl ecac aie estou d 
Pe ye 
Peale eed 
Ets! Stondord roughness Sea ee a eae 
Re es ae Oe a 
EERE EEE EEE EEE 
ee 
wA) “h2 =8 "@ oO 4 8 12 Lo 
Section lift coefficient, e, 


NACA 64-208 Wing Section (Continued) 


| Eat -005 | | 
>-gt tL TET TT Io eo, Ty) 2577-005 TT 7 
LJ} Tt ET le gay 2571-007 


tee fee A 60 | [Stonderd roughness 
eee Aa simulated split flap detlected 60° 











Moment coefficient e 
a4 
- 
Rai ies.) ae 
Eee 
La 
te 
a 
O 
7) 
Le 
x 
S 
gy 





062 


c/4 
Jt 4 f A 
ty W& NY ~ 


Moment coefficient c,, 


J 
n 


THEORY OF WING SECTIONS 


Eee 
BEE t+ 


a oie 
32 SHEE EEE eee 


Section lft coefficient, c, 

% 

z 

ae 

= 

es 

rH 

5 a 
iz Pode (abe 

de 

i 

ie 

~ 

iS 

a 

Le 

ie 

Ed 

ice! 

- 

fl 

Le 

- 

fd 


eae pleases 

“2.0 SIT 

“32 24 “16  -8 0 8 16 C4 32 
section angle of attack, &, deg 


NACA 64-209 Wing Section 





ee to tree tre ce el or I eh 


he 


APPENDIX IV 563 















‘TTT TT TTL. ~ ARR 
pS Sokatr debe 
oe oe 
ae ies PTT NT eeeEHH GF EE 
Oe elle el ey Ne lee at 
COP CCC | A 
; eels 


0 2 4A 6 
ae Eagle ed 
Eve hese eee ele eae ae a 


024 HEE EEE 


Section drag coefficient, Cy 


See 


eC Cer ree ee 


CC, 


Moment coeftticient 


Re 
Ls 
es 
is 
al 
zi 
= 
Fi 
= 
Dal 
eal 
ae 
Eu 
ea 
Ea 
a 
x 
te 
ee 
hl 
ell 
be 
eS 
Le 
a 
a 
Ed 
CA 
cS 
4 
a 
fal 
ca 


cc 
wot ir eal Oa 
| PCC SPO 





CCE 8 EE 
-d i oie ae , rT Stondoro roughnes eke 
ales alte ees Sl Mae Wd ed aa ie aed 

Ea alee eit tee ie ore ia: 
~5 See ee era iro 
16 apo) ee 4 O 4 8 12 16 
Section lift coer ficient, C, 


NACA 64-209 Wing Section (Continued) 





064 


Moment coefficient, Cm iss 
.! of .! 
A ly \% 


of 
Vy 


Section lift coefficient, c, 


THEORY OF WING SECTIONS 


flea ted v. eee 
ed ea eee eae Irae a ede le 
ert tt ttt ET 


ee Wet eg) 

pede the Ue stecll Peslesal dl alent edd lease eee tested eae | 
oO ee Medel lesb seg oe eee ected ee iaaes 
-32 -24 “16 “8 O 8 16 c4 Je 
Section angle of attack, &, deg 


NACA 64-210 Wing Section 


APPENDIX IV 965 


-036 





pst te iT 
oe 4 ye eee 
EE irri rir 
oad ee 
et ete Pre) a Pe 
CTT eet 
EEE EEE EEE EEE EEE 


PEPE CCEINS TS eT 
coos ETT Ne Ease to 
ai es a Bigs 


Section drag coefficient, c, 
Es 
a 
fe 
Ea 
a 
fea 
i hal fal 
eS 
iia 
Ed 
ey 
NS 
I 
fe 
: 
i 
Pe 
ze 
es 


Pt TT fobeps boii eb TT 
reuse ele de ke eee et ay ee 
aaa s od Seah cae a! =z 

ae ee ee edt aol ale raha ae 
CN Ey Ae Peele el edi ela etna ede ed 


1; Cm, a 






Soe gape ae) eae la eiey stoi dl 
oy ee See lia inal aes onl | TT TT TTT 
©. Jee Peele iywvelTTITTITTrrri re 
9 [ETT TT fooxoe ty (ea i 
Sgt oe 11 259 Se oe aes 
Pee FEC 
Y 
Sar iledeae ae cde) itl de 
Sag eed, ee Meee es 
aes ial See 


ee a eee lee Oe tel te Wee ed ee 

oe eee eal eae ead Pi 

=hO. “Le “6 “4 QD 4 8 Ie L6 
Section lift coefficient, ¢, 


NACA 64-210 Wing Section (Continued) 





566 THEORY OF WING SECTIONS 


my: lee ol 
flee dee eh tele ee fala Ie acd lea al alealed 
CEE 


a is : Ls 
PEE EEE EE PACE Ae Nes | 
See eT 

| tt At SET 


‘ 
~ 
( 
A 
ea 
ees 
Ete! 


"044 
Ny 
é 
Q 
| [ 
as 
te 
eas 
Boat 
= 
im 
na 
od 
| Ay | 
Per 
A Ped 
ae 
1 | | 
pales 
ae 
fd 
ae 
Pi 
a 
fo 
ey 
hl 
i 
fe 
a 
a 


* iz J OP Pee dt | Ee 
SPEER ee 
fees a ge hee ae ee tees 
Ee shaded es T 7) 


{ 
WwW 
~ 
NN 
a 
« 
is 
cI 
oO 
ss 
aa 
ed 
a 
Sy 
as 
T 
ce 
- 
ce 
ie 
7 
if 
a 
eo 
Me 
ii 


Moment coefficient, c 
.! ® 
a 
t 
~~ 
ro 
Ed 
Lo 
ed 
fe 


Pty 
-eo_.ltliti titi t ELT EL EL? Tt trrttiti tt tT cei ft tf 
~Je -2¢ -/§ “8 O 8 16 CF Je 
Section angle of attack, & deg 


NACA 64:-012 Wing Section 


of 
WN 





APPENDIX IV 567 





Pal 
o BRT 
Pie Per err 
HEE 


Oma o 
Fai 
al 
Ea 
fel 
a 
teal 
a 
fal 
a 
ae 
fel 
i 
ed 
ea 
ie 
feted 
iz 
ia 
i 
Ea 
i 
i 
x 
= 
el 
fed 
re 
al 
hi 
fay 





ee ie eld eee (hae eee eich ae 
led Bees ei 
= Wale oes ese leet eee 
Scere 2 oe HF 
Cee ; 

© “COPE T 9 80 (4-262 Pet es 
Se ee Ree 

Be eee esha ie be 
Sa Pe 


en eal ed 

eS he ea eS ok (ieee ote ho 
iG le -6 4 0 4 8 L2 16 
Section lift coefficient, e, 


NACA 641-012 Wing Section (Continued) 


568 THEORY OF WING SECTIONS 


alee 
else de CM ae eee owe eer oy 
eS seen cl elect sate sl thal Sl Seale Mate chee seen 
Pole tes heer Ve a De ec Ae cae ea Nai eed 
pete ecg Sa Ae elle te eile eee Nese Sle Se Ee) 


ede rire | | 
2 


SRREEY ee PCM PE 
8 COCO area 
© CeCe ee es 
7 ee 
S Te Terres ep 
= COCO 
Se SCC 
, &4 CC a 
imei GO eae ewe 
§ Co Te TTC 
POCO el Pr 
» otto Re 
COC aero 


TTT Te tO ry 41+ 





/4 
es 
i 
zi 
iia 
fea 
Ey 
Bi 
x 
ied 


sal Me es eI alee Sects ete 
slo feel dbesle Tara ole Ale meee ee Medal 2) SI se 
Leese ley bes A Sates al oe ae 


No 


«,¢ 


Moment coefficient, Cm, 

N G 

ot a 

® Ay 

- Fa 

tee Ea 

i i 

ie ai 

a a 

fed is 

= A 

EEE 

a eae 
i Pt tt 
fea 

il 

= 

Le ie 

aa Ea 

ie is 
HEE 

es ig 

| fae 

ny ES 

La i) 

ial lead 

fai ie 

EEE 

iz = 

ed id 


“ 
W 

‘ 
N\ 
8 
Be 
iz 
al 
fil 
a 
ef 
fe 
= 
Ed 
if 
Lo 
Ed 
Ee 
a 
fd 
ze 
i 
ie 
| 
hal 
a 
eg 
ay 
i 
iz 
al 
es 
eo 
J 
ie 
fe 
Ea 


~32 ~24 =10 -8 0 8 16 24 32 
Section angle of attack, &%, deg 


NACA 64:-112 Wing Section 


Section drag coefficient, e, 
is 
LJ 
ey 
x 
ie 
oat 
ey 
ee 
fc 
aS half SE 
i ie 
zz 
Ea 
Ea 
sl 
iS 
a 
] 
Ey 
os 
e 
au 
rl 
Ed 


APPENDIX IV 





PA 

CEE EEE EHH 

werT ett tT tit tre re seer ore 
Ciel tlet Meteo Wai tela Rist ete (ela 


Ht tl ol etal de | pl hol let Tah a 
ER deel ei eile icra Tor 
Cleese cs enlist oie 
Plead 










° PE Nes Teaco eel eT ahead ieee ee 
So Pee ee rr 
pe ee isles tole ae dol ih isi ac 
Qe 

EERE ae ere 
a R 

& COT T TT e3070 Ht 
es TTT TTT e607 TT [265 falta ted 
e “CITT TT Tose ei 
DSSS 7 ee EE | 
ete ees poe 
Se 4 ett ee Standard roughness See eEnaEn 


ie alee Ht Reed 
Be ease ees eed cae Mea ages al alesis aa 
Bee ae Mest cecal ed ea esis eral lela Teed ae 
oe eee ea pce ea ea 
O 


LO 2 a6 “4 i Os aX Lé L6 
section lift coef ficient, C, 


NACA 641-112 Wing Section (Continued) 





069 


Gry 
~] 
Ce 


Moment coefficient, Cong 
FN us Ny 


| 
VU) 


THEORY OF WING SECTIONS 


36 
af ttt Tf tt 


pe | | | | tt 

ee TS ete TT ee eas pe | 
Ed ae Po ee eee a Weel pe Is 
12 Rt ee 
| YA 


Section? lift coefficient, ¢, 
| filles eevee! 

ea 
a 
ea 
ie 
UY 
ea 

® 


| a YC selec 
PA a dl 
CTT oe 
COCCI roe dosage FT 
Gee cee le ds cel ei 
CAE 


“32 -24 -16 -8 Oo 8 16 24 32 
Section angle of attack, &, deg 


NACA 64:-212 Wing Section 


Pent |e errnatererrremny mh RE 


APPENDIX IV | , | 5/1 


036 











BeekeE Erode 

SS tt 

go Te Pr Seas 
> a ra leet 
Re ois ae Meisics 

etd deer 

a2 | evel Ces Ik 
O 2 4 6 8 lo 1} {| { flay | td 
2/c | Ee othe etd 

Bele eos be oer ca 
peg eee theses baer Wiis dew lel 


Pale Nels il eel be 
Pie ee eS toenail 
el Vie 


aN COTY eT 
CCST ee 
CTT TNR IS CTSA PT for ae 
0s LCST aay 

COCR eer 
CCCCCC CCS CCC 
POET a 
aod ECE eee 


Section drag coefficient, C4 





ae TE Pe Wace Vee dale fede leted 
desde cli eet oleae een op 
Beli eet Cede ede eels dl it etal 
ea eee reece dtchol 
© a Ceo id lea hla 
% ee Gio aod de 
6_s- TT TTT [969] 7] [262 Toray eed 
Ope Pale 
a Bee ed 
Sede Etat ee 
>a Pe CO 


eee ea Ree ecle 
PsP alfeccelesS| cal ete alee Meal ale (ese dia edlee| eel aes tog 
Reset sde Merateaesl cate ered ede oa thoi cesses ae deekoae a A 
SOR te epee el ok eee ed 
“L6 “he ae 4 oO 4 8 Le 16 
Section lift coefficient, ce, 


NACA 641-212 Wing Section (Continued) 





O12 THEORY OF WING SECTIONS 


=e ie 
Soo ol ee a ei 

Mec de cle: lassie ee lowe ena 

Pleo ren ee eee hee ee Tc eee eunm 





~~ & 
N 
* 
iB 
7 
a 
7 
é 
C 
mi 
se 
cs 
ae 
i 
[di 
es 
if 
e 
# 
5 
C 
a 
me 
Md 


“~ 
° 


} 


Section lift coefficien 
fe 
Ed 
[ 





Blfesesies | he a 

0 le et 
| Py Se PSU AV eR le Ue te II ae cee eh 

Bese lee ve pees) of es Pas Menten de le 

a Ne Le Ue ee Ne tk yey 

ed Clo, teaver teteycesy hap ale 


? 
~ 
‘ 
f\ 
= 
2 
ed 
el 
ES 
a 
sy 
a 


Mold 
us Ny 
me ’ 
Np O 
ey ae, 
I 
ie 
| el 
i! Eales 
ee fee pete | 
eed 
a 
ie 
ioe 
es 
ea 
Rs 
es 
ae 
A | 
E bs 
a 
a iS 
Ea | 
es a 
ml a 
ey ES 
s | 


Moment coefticient, Cm 
! ot . 
/ 
a 
a 
i 
iE 
ey 
fl 
La 
al 
pe 
Pe 
= 
Ed 
ey 
bes 
bs 
ES 
al 
a 
ES 
ie 
es 
a 
= 
Ea 
Es 


Ee dete se les ey Ves 
20 he ee a hse eee eI 
-32. -24 -/6 “8 0 8 16 24 32 
Section angle of attach, %,deg °* 


NACA 641-412 Wing Section 


t 
A 


APPENDIX IV 573 


if tit 

Po 

Ee ne ee ee 

ott 

p| ttt itd ts 
4, O 











0 c 


Elena. 
PTET Va 
ee a 


i) fi Th /| 





Ea 
oH EEE 
2 8 HP DS 
CREEL Leer ere rr 
SE oie dol pte ota 

Ya Oe 0 ON 8 
CELT rete Pee. ere re ors 
SEE 

pei er CL ert 
iets tt 

POE eer) rea 
Ca 


4 fae 


™o.¢. 








TT [fo 30x04 TT. | 
31 | [19 60] 77 |-266 [-.046 















Momenr coetticient, c 





eee 
ages Soc 
Fee EERE EEE 
i V 6. 
A Miomede er tara ee een a 
Beet he hae aka acl ice tie er aia 
ied eo ee eo et ol eee ie 


aan aa See eee ee eee eee 
“h2 8 ~F 0 4 8 “2 L6 
Section lift coef ficiertt, c, 


NACA 64)-412 Wing Section (Continued) 


of 
~ 


Gna 
MY 


Moment coefticien 


of 
GW 


a 
A 


=5 


LHEOKY OF WING SEULIUNS 


WILLE at tr 
He Eh ee SIE oe ake ee ea leaded fel Saeed 


Section lift coefficient, e, 


rir bf — a i 
cht tt oA 
ELIT PT TT Te TT eto TTT TT 
PEER ARPS 


| ee 
sige Se ele ele ey haleal 
ERE eee 


nesses ail sel el ea eee see ese deeded 
Ot ee eae ee 
“92 -24 ~16 “8 0 8 16 oF 32 
section anale of attack, &, deg 

NACA 642-015 Wing Section 


APPENDIX IV 575 





2/c Poke feck = 
ee Sei er aie 


pee eee ko ror ie 
024 ’ 
PERE EH EEEE 


Section drag coefficient, c, 
7 
fea 
[ss 
c 
fe 
ba 
a 
Eee le) 
Peed Veda Wt ede es 
Restless = 
a 
ei 
iz 
bd 
PY 
ex 
ES 
a 
i 
a 
NS 
i 


C. 

= 
Ed 
x 
fe 
Ea 
eS 
Ea 
fed 
Ed 
Ee 
z 
ed 
Ea 
La 
= 
ea 
a 
fe 
ea 
A 
Ee 
ii 
a 
Ea 
i 
pl 
au 
ba 
ea 
ey 
ES 


fe eae eM ee gee lee ete dels dnd 
freee ae ee ele eee ala este el eed 

os ee Pens 
ted lt rps S) il sR) 






Moment coefficient, Cm, 
- 


alee cde 

ake kee 

ie Ee fad alae MAUL he ced 

Pe Meet ages Vaya ied sae: 
ee ee tenet Wedel. a eee 

pote ee alee ele ok 

“1G A2 20 -4 O A 8 12 16 

Section lift coefficient, c, 


NACA 642-015 Wing Section (Continued) 


vu 
~] 
oO 


A a aoe ’ 
NN Wy \ ~ 


Moment coefficient, Cm 


f 
WD 


THEORY OF WING SECTIONS 


Section tiff coefficien 

& 

Be 

x 

ES 

a 

PL 

| | Sst 
| tt TSS, 
ne 

ie 

Ba 

La 

es 

| 

ee 

fc 

= 

Ea 


Raeee pt all oa tee eae 
BO lea ale sla ais Shalit ee lesa ee Te ee 
“32 -24—~Ci«C- SG -8 0 8 16.—~C~«aR C8. 
Section angle of attack, &, deg 


NACA 642-215 Wing Section 





APPENDIX IV 577 


O36 
Gee eal sealed 





ail 

Ee eee ey be ve 
016 

CECE / P 

Peds ON ee es CEO 


Section drag coef ficient, Cy 

Es 

Es) 

fig} 

P 

CG 

> 

ZA 

opt thf 
ed Ph a Eda 

toy tt et 

fil 

iz 

ae 

i 

Es 

Ed 

fel 

Polka 

Eales 

ee 

id 

eS 

a 

‘J 


es 
eM ee eel etree Naseer Meee ei aie 
rg echt pak pek ba oir lortab mtorr 


LOS pam 7h phere e THORP UR 


2 OT 
Saeco oe eee ick eer ia 
ay ieee cd ede Ur eA sae pea ae ele ae ence Sit eae 


vee. 
ach 
re 
i 
m= 
a 
ee 
ed 
Es! 
a 
ed 
a 
cd 
i 
fs 
ie 
= 
ed 
na 
fea 
Re 
ie 
fs 
Es 
i 
fas 
ee 
a 
i 
fa 
= 
aa 









Moment eeaaee 
Gs 
a 
eal 
Pa 
iS 
sl 
eal 
Ld 
O 
en 
S 
fed 
ee hee 
a ete dh 

Ny 
S 
| 
oD ' 
28 
= 
a 
ed 
es 
bet 
fl 
ia 
= 
el 
(ai 
fal 
Pol 
el 


Pe SEE 
taondard roughness 

Pe eer 

Ee tee tte eae lced dl aoe esate eliacea electeclet acd, SIC cola thelist cid Alea 
eet eee ee ee pe le hee ee 

7 anaes ees ee eee Reese eee 

“16 “i 2 ~§ -4 O 4 8 i L6 

Section lift coefficient, ce, 


NACA 642-215 Wing Section (Continued) 


978 LHLEORY OF WING SECTIONS 


section lift coefficient, ¢, 


C. 

iy 

Q 
i 
ed 
| 
a 
sl 
1 
a 
Es 
i 
fe) 
s 
zl 
aie 
i 
eal 
to 
fe 
a 
ia 
a 
ie 
i 
a 
Eo 
se 
Ey 
- 
Pe 
be 


eo Ea ee ee 
pt poor EMAL TT a eT 
Pebeies eae eee 


Moment coefficient, 
Ca 
ha 
ea 
Led 
Esl 
= 
iz 
Es 
fe) 
a 
a 
ES 
Pt Tt ye 
Lede Ws. 
Eo 
z 
al 
- 
cas 
fd 
fed 
Cel 
es 
ed 
iz 
fe 
i 
iad 
Bs 
Ea 
i 


£32 -24 -/6 -8 O 8 16 24 32 
. Section angle of attack, «,,deg 


NACA 64:-415 Wing Section 


APPENDIX IV ; 079 





. i 
eet ea he eee tee hs es ee li | | D 
016 er ccoTtr pt Et tT te TAP 


__ Eee 
ol? KCC A ae 


Section drag coefficient, ¢, 
a 
ay 
Be 
ae 
ES oo ee 
TOW fe 
PL care a 
ei 
a 
eal 
a 
ist 
Ey 
i 
LO. 
N 
~ 


Le A ele Sh ~ YY 


Pegs to eon ieee ac ama 
teil eee eh ear aele aici 


eo 
Beebe el ped ds ee ee ae We elite Pde deed 
Pepe de le td et | ciel sl et ol oe le 


a, 


Cm 


ova Sete al ial heeled th dealer | a lie dl beet <b 
-2 
aes che eter i leet lal Evils ped te het 





Moment coer ficient, 
ue 
= 
a 
es 
ES 
ed 
fe 
i 
0 
DH 
Qa 
Ea 
pea 
x deal 
ay 
Q) 
S 
a 
a 
ie 
nd 
he 
le 
ll 
eal 
(ae 
a 
Le 
el 
az 
i 


Paleo see 

ACEP oe seree resets EE 

ey eT tT ete a See [Se ia a cletlaal del 

PU We Slee sedadal chee ees ewe Mle ee Wien eed 

eee ae eS Ee ele | 

“16 “Le -8 -.4 a F So Lé L6 
Section lift coefficient, «, 


NACA 642-415 Wing Section (Continued) 


O80 


c/4 


a 
Ny 


Moment coefficient, Cy 


THEORY OF WING SECTIONS 


oot 
i CH ers 
| CORR eC 


Pr pNeWa Nee des Ne te) taal eae et) a cd 


TTP PPP reel CLL Ler ee FT 
ei es oe TN TT 


Section lift coefficient, 

O 

ee 

sl 

al 

z 

a 

es 

bed 

ey 

ey 

J fe oeealedl2 cad 
tS Elbe te esl alee 

ie oS 

i 

Ea 

ea 

ed 

a 

ed 

Re 

Eo 

— 

Esl 

et 

fl 

Ro 


eee eal ie ea a Sie ee ee 
wool ee oe Ee ee eee 
“Ie -24 -16 -E O 8 16 24 32 
Section angle of attack, «,, deg 


NACA 643-018 Wing Section 





Section drag coefficient, Cs 


c.: 
"eo. 


Moment coefficient, 


APPENDIX IV 


.O36 
Pe ey 


ee EME UTM Wee elect le oie ou i aeloile beled 
_2 SEC EH 








Ni abe deal ate che Lie] ia te ad 

(eee ope lee aerial, aren eden Nee Peta dl 

Leh (ethl LIO. BOxs S| Nes eel le dae ded 
gL LLL | | [oa oO] TT | 26s [-oseT TT TTT Ty yd 

ieee tae eG eee eek 

ee Q20c simulated split flop tL 
Sgletalesbewes dct deed ap bea 
" ey i 


Ea the St ceed) a eee eae es 
Pea See ec de lecet Peale ate Miele ace eoea ale eet el eles al 
ee LS ee ae ica eg 
5 eI I eal ee eh let vedne| tals 
“1,6 a “8 4 Oo 4 3S L2 L6 
Section lift coefficient, «, 


NACA 64;-018 Wing Section (Continued) 


O81 


002 


av . Seon 7 
“~ ww N\ ~ 


Moment coelrficiert, Cm» 


A) 
Ly 


244HV0L0i UL WELNG SLOCLLONS 


eed case ene vocal gee Seed eat] edi Meee oye og 

ge Fc ee ea see) 

eee 
i a a a 


i a 5 Pieea et 
SEER 
Cr a oe a 


Boece Ieneise kil 
a eel I Ae Ne Mee dol eda I Ve ale 
erties Ce 
eee ea ese alee al ee ede ie ale 
Elie ede die elder elma (el esta sc 
ees ole eel ae etd lea alesis ele ic! 
og LEE 
i sa Oe a Coo 
COO Peles 
i ei ee ae 
2p EEE ECE 
0 We i a a 
Ei 5 FO Sal 8 a a 7 a 
eee le ee ole alc lel ewe ap tect sissies 
PP 
Se 
CECE EECCA eo 7 
CEE ae AT 
ZCOECEEE ee 
i 
PES 


A | | | | aes 
atte 
Pee eal ee aI el a te ca ea ole al McMeel eae pelea eed | 
Terre rey 
A pe 


* 


Section Wft coer ficient, C; 


TF Ft tt te tt a ET TT 
COCO ECCT Sea 
COCO CPC eee TT 
LEE ae 
SOCCER 
COCOONS CCC eee eee 
Pee heen eee Peclell) 
of aise oe ee elec leis slo ile 
ESS are Megs len lea ee eed eden sec 
a Ga = = en fo 0 
Oe a 
a Ee a lel Sen lee 
eel ele ie ee a easier ea 
COCO CCC eee i 


3 oe eae Ge 
ae ff 
se aN Neel ie a YA EST Me esti He eT We ical ae apes 


Bec SVE real cade se Hal a dese Sida a helene gt ee celle 
lO alee eae eae seke ote TGs Pee ede Dee tlh oe cae eee duties eed! 
~3e ~24 =16 -8 0 8 16° 24 J2 
Sectior angle of attack, &o, Jeg 


NACA 64;-218 Wing Section 


APPENDIX IV | 083 





coefficient, ce, 

S 

YQ 

le i 

ed 

wB 

es 
| par | iS 
; Big 
tt { 

es 

fe 

a 

Ss 

i 

fe 

a 

bl 

=a 

ad 


Section or. 
i 
es 
a 
ia 
ca 
a 
/ 
3 
A 
ch 
& 
= 

| 

il 
Sy 
a, 
El 
co 
z= 
fo 
zx 
e 
ey 
\ 
x 
[i 
cl 
isl 
Lal 
ES 


fel ate laoi ealue doe Sic sg oleste dle le le Ie thes eal ested | te Mic volte’ 

esas ses eee eee eee eRaREe 

See a rea 
4 pap 7 AY Yomeametndid) iby 


pT 


™ac 


cient e 


“2 
eS IE Tle pes et eae eee 
Se Mech eae Nealeepe pea ates el eS ed hed 

el | |O 3.0x/08 Oe N A hot tas op ev ene) 





Siedaelens el 
‘Me teshaeal de ieee TT Sranctara roughest {TTT TT TT 
ss er 7 ete see 


aa Seee esc 
eerste ce eee lear ae aes Need el Oe sl icles te deel ew 
fete Pied celal eo eh ecleeidceleetn ie eels ete Vege ey a 
ele de egies esther Peet ee ede spel eee sede ie 
“AO “he -8 -4 o 4 8 L2 L6 
Section lift coefficient, c; 


NACA 643-218 Wing Section (Continued) 


Moment? coeff. 
Lealretlaelied 
eased Ed 
Redleedle-all= cee aed 
Ld 
ne 
ez 
es 


Re EN er er en 


O84 LHLORY OF WING SECTIONS 


32 PE ee eee 
Po 


ew bmme oe 


SoS PES 


2.8} 0.206 simulated split 
flap oa aa 60° 


V.6 x x 10° Es H 
24 Y. Standard rougunese : : He 


n rH 
PL 
HH te oR 


6 x10 


so see: go ae ae 
ee a PAH 
he 
SiH A te eH ee 


bo 
© 


Ea LILES 9g 


34 
3 


hm 
Oo 
HEUER apie iE 


SS 


oF 
Ht ha 


ae 


3s 


Hi 


38 


EET 
oh 
—e er 
a+ £4 
S eamieeal 
+e oe 
_=— 
ot 
rye 
<r 
Tee 
4 
: 
to. 
aicee 
a 
~+~*+? 
+ 
Pi 
at 
| 
tid 
i = 
ret Ty 
ro 
Bue 
Coho s 
Bae 
Pd 
ee 


rh 
rd 


he 


EEE 


ssi 
Era 


aeTH Pitts ea Ee ae 


So 
Go 
eT BR ET EH 


Pea ith Ee 
UU feasted ETH 


7 
oe 
H 


Section lift coefficient, c, 
a 
 ) 
Eo 


pees tess 
fe 


=? 


CTE 


fc HH 


S 
ma 
So 
aN 


©. 

© 

ee ee cea ee 
oo 


Hy 
E} 


: “me/4 


HOE 

A asks Sine 
8] 
$332 


ae 
oe 


is 

it Birt 4 
4 : rH 
re wareryt} 

tes at oe 


ay 


a 
Hau 
a 


HP ait 


y 
par 


, 


Moment coefficie 
Hef 


TT 


PUTT TF 


f 
° 
feng, 
f 
> 
rN 
HUA TET Teg if 


iW at 


Caen 


et haebee LLL! 


TATE Tita 
ETE 


0.200 eae split 
flap deflected 60° 


at 
e 
A 


TT a een 


LHe 


THAT TRAE 


TPES HET eSHEeSeEeE LESTE TEREST REESE 
Pee Cy 


8 +H 

6 +f . 

i aT TT 
St Perret ty 


ng 


bath 
ERUHEIAL 
EE 


« i 





| 
© 
& 
i 
ba 
bo 
2 
j 


6 -8 0 68s 6 24 
Section angle of attack, a@,, deg. 
NACA 643-418 Wing Section 


24 


[ 
~~ 


APPENDIX IV 


0.032 : 


0.028 


0.024 


0.020 


Section drag coefficient, c ., 


L b-d-dad- be ee 


a 
ry 
a 
ad 
a 
om 
a 
* 
J 
Ll 
e 
. 
a 
a 
) 
a 


Mac. 


Moment coefficient, c 


-0.2° 


~0.3 
- 1.6 


HH 
Bette peeseeee Srisses eseysenss gees Bo oe ciate 


- 1.2 


re 

BH i Hane 
EET SHEET ee 

eee take tH aie fH 

aren T nen ror ris : 
HEE a 
ptterststestse 


Eat ear it) 
Lk bell dd ddd 
TAAL Edo 


&8.Cc. position. 


x/c y/c 


ote 09 
-eefl #2050 
e2 t #051 


Pr ear tet 


~0.8 -0,4 0 0.4 
Section lift coefficient, C; 


NACA 643-418 Wing Section (Continued) 


0.8 


Sele le lteter ine aa nanan eae on anemenmanasimnmammeraaneneameminataem Tae RR TEN <7 cre eal ree emma cummin ak i 


 pedaadentecdl 
neil henpaaiemmedl tinea betiendenenbllien! hala 


Sobiiteesperedy | | __ 





1.2 


1.6 


086 


Moment coefficient, mm 


THEORY OF WING SECTIONS 


ie SSeS eee eae ele ae 
eed ea eS os mod ee elle Vea deme apc Me al ideas Eure SIs eel 
copied) sie eel eae Pes al aed Nese east 


Section lift coefficient, ¢, 


ple 
_ 
eee Me since Veep Wyre alee aL ced se Ue he Se 
Rhee pe ieee 
ele Meals el oleae let rales ba ieieaecl sl stale tel bal ale 
PS epeeeee. fe) te ee 
aL TTY TP erie | TT bobo tt tt 
“TT LLC TTT aT aT | tel phepopepmcreris TTT 
PEEP aT Todo poeacgosok gg TT 


ae. 
Ce eae 
ae pee! 


es festa 
PPP 
Pa ee leeMecs eee Mesh cM Mae ceeded em aaa 
By, al tC Ha 8 a GO sO Gt 
“32 -24 -/6 -8 0 8 16 24 32 
Section angle of attack, %, deg 


NACA 643-618 Wing Section 


APPENDIX IV 587 





Section drag coefficient, e, 


ed ies fede 
020 RE 


cos CSS RCC 
CTT OS SAAC 
El veiled silos Sa rT re 
Petter Ceo oy ig 
eee Lit tert ei 
ie oe seh tattao (alae 
Gsteaies ev esas deta fel aleel ciety ell ie eee 


ns = 
eC e ee 


"my 


he 


cli@r) 


Moment coeffi 





ot POR IPA 


is es 
pe et lel alee eee ee ete 
pe Oh Oo RRP 


Ze cx 

Se he lao 

Fa FO SF 

Ee MeN Wee Me pe eae apa ales de el Heap Ma eae. eau apo) 

pole Peele eed eee eet lee le ode Ie dee eecs 

rele Mew Igoe le ee alae al Mie ete le ele ee ered 
eae pe ecole esl easel 





ae rca i fl 

Reale ieee alti geal acl ve oe de 
Gai eed 

coe aera oot Trrlttttrteti 
rec) Seer he 
Ee eens ts Letarelead 
ogee sere en 


ee 

ome 2 A Shandara reugmmesst ttt TT 
egal |e idee ee ee i 
eich ea cree eae eda 
oe eke al ie eel ea leh ee 
Sse ee oo icin ain ee es 


“1.6 “he =o ~4 O 4 8 he L6 
Section lift coefficient, c, 


NACA 643-618 Wing Section (Continued) 


588 THEORY OF WING SECTIONS 


2 
er Pee eh er ol eo 
eee bk leben eb alc eel bled | ale 


: 
S 
rE 
i 
i 
iM 
a 
ie 
al 
x 
a 

lee 
SI 
eB 
ia 
x 
EI 
FA 
C 
| 
re 
y 
ae 


Section lift coefficient, C, 

Op 

= 

al 

fe 

a 

= 

Lal 

i Ae ee 
Th se 

ie 

ei 

ea 

fi 

& 

~ 

Ey 

Le 

S 

ie 

A 

al 

st 

fees 

oe 


a 
Me Fee ie seed ce cece sles lies eects ecall cae ali ete Lee Melb aera ial 
or ote 1+ tt Ft tt 


t i 4 
rN W \ 
x x ' 

0) N) Qo 

fi Ee 
3 i 
Bal ea ead 
cae 
Ed “a leg 
heal pL 
= he ey 
= he Ea 
= a fd 
CHE 
rei a iS 
Py TT TT tAy 
eat cal Seale EY 
a a Es! 
esd | {ttt fl 
i ie a 
es _ 
La faa 
hd eS 
Pa eal 
ft es 
a i 
fe] a Pal 
fal il ail 
ial fed) iz 
i a El 
ee a eg 
hes Ld ee 
i el dl 
i az fed 


Momertt coefficient, Cm. 


t 
N 
1 

\ 

a 
eis 
Lhe 
ae 
Eda 
cae 
ales 
Peal 
ae 
fii 
Lee 
Lae 
ie 
ea 
ey 
Eas 
ea 
z 
fd 
i 
te 
Ee 
ie 
pais 
i 
mie 
Ea 
a 
el 
| 
shes 
ea 
CE 


“32 -24 -/6 -8 0 8 /6 o4 J2 
| Section angle of attack, Ky, deg 


NACA 64-021 Wing Section 


APPENDIX IV 589 





soto tt ie 
a CEI eee 
Ee COCO ee 
SCORE cee 
eae Ae 
3 CS NCCT 

8 COCOACRC CPR 
> COON Ye TNT CRA 
© ge LOO AA ESC er 
S-7ETTT TN ASST Ee 

§ CCOTRY ESP TCC ar 
g A 
ea 


CEE ECC CORRE ae 
ew poe TTT 






9 

8 CCC CCC eeeeeeeeeeeee 
y Peete eet errs 
Posto rit r 
er Ce er 
S pert eT ye TCC 
acesces} jeer (bes iseaeasessess 
o _ q -, 

+ COCCI gee t-.077 poet r rs 
i ee een ed es 
Soa ala eee 
Str eerie 


Peel sodas 
des Mt (elie betel ded ty eal eh hfe teal ee | 
ete ee eae ore i We oede aesleate | a)ud led [eal da 
26 ee ee ieee eo eek peepee Pohedpedgen| ede 
“16 ~he =. ~4 Qo 4 8 12 LE 
Section lift coefficient, c, 


NACA 645-021 Wing Section (Continued) 


a AR AR EA TT TALE HSER yh phages my ee AHPH RU RAM 


590 


f’, 


Moment coefticeni, 


ae 
N) 


of 
~ 


.! 
lo 


a 
4 


ot 
8) 


THEORY OF WING SECTIONS 


Aa i 
Ce Reais aL ed, Ve ele kd 
Ele ieee cael: Poli sealife tees 

es ball Peale gel edie ede Cece Jala lee 
poet clic ea) Ue eMC eae tea iene dh Wr Wea hada 
peeled tis cea leap iret feai eel | aac 


Pre wri e 
5 li Gc OS GO 
Be aga ei eee hie ele b ge iid 
gitar (l ee ey i elglst stabil edo tog 
CCC eee eee 
CCT ree rr 
COT sete 
iol tise eats Pn 


= 32 -24 -/6 -8 OQ 8 1S 29 32 
Section angle of attack, Xo, deg 


NACA 64,-221 Wing Section 


APPENDIX IV 591 






‘(COE TT “eee 
—— SNe aie ia 
bd ed Maleate ia 

g 5 a ied oie tee et 

? [ { | te Saale tse) 

coor Slee dees 





Section drag coefficient, c, 
ie 
= 
i 
La 
LO. 
& 
rl 
= 
el 
Baa Le 
bee | Sie be 
, 1} | tt 
te 
Le 
feed 
i 
= 
Ls 
lea 
Ed 
~ 
fe 
= 
c 
bea) 
me 
ES 
i 
al 


. 
4 11+ dob pogo TT 


s A 
Petes see) 


, Cm 
Ee 
z= 
ie 
Ped 
a 
= 
FT Tt tt 6 
ete 


ae eet ees 
+ ee eee eee Ree RESP SRRERE 
Ee Resid st leah eed a.c. position Rea u 
Ht tTttit tT tality xe yc eared 2 
a ES ero) 20/0 ANSP de ey 
-9_1] | tt | lo 6/] Tf [273 [-00s77 TT TT TT yyy yy 
0. -.008 i i. 
0.20c simulated split flap deflected 60° 
Pi eee ee elias 
AEH? OP HE Stenetora roughness} |} {TET TT 
FEE EEE EEE HEE 
BSA eee ERE RARER EARS 
po ele Pe oat eae de ee) tea de 
-I6 ~/2 -8 -4 O 4 a 12 18 
Section lift coefficient. e 
NACA 644-221 Wing Section (Continued) 


‘Cler 








Moment coeffi 

fl 

fed 

al 
adele 
fe eee 
ode dead 

eel 

o 

© 

D 

fa 

Ea 

ns 

= 

~ 


ayZ PHLORY OF WING SECTIONS 


=~ 

Ny 
a 
Ka 
a 
ad 
ai 
i 
ie 
ai 
eal 
ed 
i 
ES 
zl 
wi 
Te 

ee 
Pa 

ze 
Ea 
CS 
_ 
XE 
i 
> 
ea 
rd 
i 
| 
a 


Section lift coefficient, C, 
& 
ba 
a 
Pe! 
ind 
Ss 
= 
Ml 
~—8 ape 
PT reh 
tt | TR 
* 
Ee 
| 
fa 
fie 
a 
dl 
ET] 
fed 
La 
Ee 
fad 
az 


CCP yy Pea s 
SOE ery Trees Ea 
Ne 


> 
=nd 
San ad wa vote 
4 oe wn Darga diy 
rN lh te ROR "he c 


aes | | 4 ~ / hs 
= OY Wo gS ae 
Pole eee ie eae ele ep | ol ee fe eles 
= Flay ttt Pt {[ | Re 


t 

— 
' 

> 
Ea 
= 
ic 
i 
Es 


j ¢ 
Ny 
1 
Co 
Ca 
es 
ed 
P 
Ea 
fd 
i 
Ea 
Es 
A 
bite 
Fl 
ail 
a 
ie 
a 
iH 
as 
z= 
ie 
Es 
= 
a 
= 
st 
ia 
ley 
[cu 
Es 
Ea 


PCP Tae PE 
CCT SCT pee 
~3 ve PEO eer 


t 

A 

<a 

oO 
La 
a 
= 
es 
Ed 
fad 
ES 
a 
fi 
a 
i 
Pa 
a 
lad 
rg 
a 
fal 
il 
fe 
i 
= 
ee 
be 
fe 
Et 
Be 
i 
El 
ce) 
ce 
ioe 
e 


Moment coefficient, Cm 3 


i 
Pe ee see eae oe pal eee oer 
eed ee ede 
“32 -24 -/6 -8 0 8 16 oF 32 
Section angle of attack, &, deg 


NACA 64,-421 Wing Section 


6 
Oy, 
’ 

ny 

8 

os 
es 
fd 
fa 
et 
ea 
ea 
es 
Ea 
a 
Le 
a 
he 
a 
ls 
ic 
fee 
a 


Fo a ee oy oT FS YD FR NLS A BASE VA FORNEY A MPR DN 


APPENDIX IV 





afc | _ Sie pee oe 


| 
UO 
© EL 
% | ft 
‘ 4 
8 fi tt tT tT RET INGE TEE TELL TL i Ly 
gh 
§ 
3 
5 
3 z= 
Te . > 
|| 
* 


Gi ted eel ell al bleh | | 


Ph is 
EE a 


“ee , 
COOO 
ea 

Ef 
i i 
Beh 
Pat 
fel a 
Eels 

a 

fe 

EH 

i 

ae 
ie 

a 

feo 
ie feat 
alee! 
ae 
Pos 
es 
fl 
eed 
| 
teed 
pote 
ae 
bake 

Be 

a= 
ie 
fale 


i eo ele cecibech led eae mae 
rere ert tere rre ste rer rrr rrr 
gS HS a.c. position Stee eee 

Pit TT tifa LL Ll awe = = ye LI 
ra Soe 
CESEEEHS 88 (HH 26 ar = 









Moment one 
iy 

me 
eae 
estes) 
| 

a 

ia 

ea 

0 

ont 

Oo 


BEE EEE EEC EEE EEE 
ete Vole elec eae Meatede ieleal seal eslic tit tT 
SS COCO EEE EEE EEE EEE Eee 


093 


A) “12 “8 4 0 4 8 lé 16 


Section lift coefficient, e 
NACA 64:-421 Wing Section (Continued) 


094 


Moment coefficient, Cme/4 


0.1 


FHELORY OF WING SECTIONS 


~ Te 
4 1 
eee 


ete is 


2.4} o, siauleted split 
flap Ceres 


Vv ee ack 








7 “ex io roughness See 
a pee Sy d mer 


oot Ao at 
if 
pe coe 











2.0 

























A see | 
AA 
aE RTE EE CEE I 
“Eg (eS 


-os (it La hs 
EEE 
-12 He 
4 ep heer 


IT 0.206 tania ec eplit 
flap deflec ted 60° 


~16 -¢ 7 6x 106 41 bit See 
RSE 
8 16 24 32 










: “he Pil it Bk RL 
+2 / et 
1° COT 

8 o4t ee i - 9 px 

3 zi Psa 3 zi nese roughness | 
8 

é 


te 










SPCC Pee 
=- 24 ~16 -8 0 
Section angle of attack, aj, deg. 

NACA 64A010 Wing Section 


Section drag coefficient, cy 


Moment coefficient, cm, . 


APPENDIX IV 595 


. t 
ed 
sa \¢ ’ a 











A-* Genes 
t 


I 
ogee: 





tandard en RK N\ 


BEDE, GCCCC ON SNS 

ia CULAR TT NHHESEEEEDEA EH 

EAE SEE La 

sone | LEEPER EEE lee 

PAE eH gat LTE EE 

vos LEE EH are he 
HEE EE 


a 
Cee a 
Bonacagate 








ocobe.. 









CLL ° bate Pere 

wna Pee EEEEEEEEE EEE TEESE 
EEE EEE EPEEEEEEE | 
-16 <-12 -08 -0.4 0 0.8 1.2 1.6 


Section lift Seca Cr 
NACA 64A010 Wing Section (Continued) 


596 THEORY OF WING SECTIONS 


SPE 

























ree rece PEE EEE 
2.4 flap deflected = 
R le oben pe Gena DE 






v7 6 x 106 
py Standard roughness! J 


or 


Se 
Pr 
fo 


ve epee 

SEE 

SEEPS Ee 

PERERA AAS 

0.8 ae 1 at TL: 
aa eo 





ie 
+2 
a i 
a | 
Sele | 
@ Frees bey + 
og “ETH 
+2 oe 
a . te Y : 
, 2 ot bebe ey A 
obad 0" iF 
8 belted Pat ge +: 











i ae CPE Ee 

SECCEEE HEHE 
ai 2a es Pe EEEEE CE EEEREEEEEE 
PoE CR eee 
[hh SEP eerEcer rey 

stoi PAL ELEEEESE 
“ik wa ene te CeCe Pere 
TEEPE EES eEPEE 


-~24. —16 24 32 


Section ae of sali o> me 
NACA 64A210 Wing Section 


AC 
ou ar 













Moment coefficient, cp; o/s 


-0.3 -1.2 





0.200 simulated 


eplit 3 
flap deflected 


see hee 









APPENDIX IV 597 







0.032 FETT E ELEC Cece 
En [age 40a Gaaasge 
PCE er 



































ee | Bae i 
& f 
g§ (9.020 Fe 
3 ee 
3 Pe 
2 0.016 peer = eH 
es Pa Very 
c ig feet ae a ac aeen He 
2 go. Be eee fe 
3 PECHCAN ae EE 
i Pc Tap es aA 
at cS HP Se we PE a 
waite ai CN tla 








SCT ees ae ee i 3 
CCE Et 
oof tt td peti ee pd 
PEE ee 
See ee Lg | 









































0251 













me FEET eee ee cS rt 

 Feeestepeeseg eee poets cee 
J FS Pee B00 9qnnusneGomeEe 
: FolceS Saale cali ed 
° PLCC rer ere eee erty H 
: orp ees 
iz Lt : ao e.- car} 
8 30.2 Fs x10& 4252 ~.013 = 
s LC f. 
g 
= 






oa) Ban He eer 
EErTEee eee Peer 


“16 -12 -08 -04 08 12 16 


Section lift coefficient, c, 
NACA 64A210 Wing Section (Continued) 





598 THEORY OF WING SECTIONS 


2.8 SS 
Sob pepe pe Pedbeal te 


0.20c simulated epltt 
flap deflected 


R 
7 Standard roughness: rH 
6 x 2 










0.1 








ard roughness | 
x 108 7 





0 3 


Section lift coefficient, c, 


eae ty Je 
as aL ga : 


-—Q.2 —().8 Lf AH 

ce 
os) caslttbebrore bet TEE 
Ftd bed ffs 


0.20c simulated split: t j 


Moment coefficient, Cmc/4 








flap deflected 


Section angle of attack, wo, deg. 
NACA 64A410 Wing Section 


re ae eg a a tt 


APPENDIX IV 599 





-_. 
— 
=r to 
=_— eae 


HELE SoG 


Section drag coefficient, cy 
2 
o 
puma 
a 





pdiolopesbah-60-paghco-|x0- stot | 


| Robles tetct 
cbf [os fe b toffee fifndepedieady feed uc fe se ety ef 
&.C. position 7 
aorere Ro x/y afe ~} folef 
Sao" oh no pL 
cht c 6.0 +255 =-0353 | 
PoE decom ae =e EE 
-0.3 pofeof fete 
ehbhheb AEA 


~1.6 —1.2 ~0.8 0.4 1.2 1.6 


Section lift leis C; 
NACA 64A410 Wing Section (Continued) 


Moment coefficient, emg ¢. 





600 THEORY OF WING SECTIONS 







0.20c simulated split 
flap oe Qo 
vy 6 x 106 





2.4 4 












“EEE 
EEE Ea NTT 
"ERT Te TP 
wth eee 







R 











tha 
0.1 4 © 9.0 x 106 
SE 
| 1 - 3 ie dard roughnes . 
A 7 | oO ne 8 
; of tae AL a : 


Section lift coefficient, c, 
° 
am 
Pt 





[es gh da boa ET 
Lotta rte 

-0.1 ~0.4 3 ft tt 7 
TAR PPT ERECT 
PASSAT COLEET EEE TACT 
DG CEE EERPEEET EEE 
| | 





—0.2 —0.8 yyy 








Moment coefficient, Cme/4 


we a REET TP TEE 
aE 0.20c simulated split Arce eee 
me eT SEPEEEE 
~0.4 -—1.6 


ie seed PE ed 
-24 -16 -8 0 


Section angle of attack, wo, ry 
NACA 64,4212 Wing Section 


Section drag coefficient, c, 


Moment coefficient, Cmac. 


APPENDIX IV 601 


A. 


~ REET 
sauassesescaes St pebe 
ae Pervert? rp 2 po ee] 
cee et 
“See 



















ae 

oo TAT NY 
bee 
0.008 © ry IZ : 
CHR ESE 
sou EEE NRE A DTT 
ERECT 


Si 























- i‘) an4 








hota 


“tadat at si ptaiaa oe Bt OR 


a.c. Sosition. | 
: | R x/¥ y/c_ 
EH ete ee ET, 
-0.3 -— a 6.0 25 =50 
Seen 33 A eePEEEH 


{ 
1 


16-12 08 04 0 08 12 
Section lift ene Cy 
NACA 64,A212 Wing Section (Continued) 


602 


‘Moment coefficient, Cme/4 


Section lift coefficient, ¢, 


THEORY OF WING SECTIONS 


a a ape 
' 


2.8 






0.200 simulated split 
flap deflected 40° 





‘ “ES 
CERT RS Err | ae 

rr Ee 
cee hh 













0.8 “9 
0 ee 
LE 
Tigh ese EE TH 





aa Poe BEEPS a ett 
coc ge ote 
os Paige rete re 


Pree 


q Pre 
weal Rag erent te 
= eanerar eRe 
- 0.20¢ simulated lit 
flap “detiected 60° eo peli pte 












-2% -16 -8 - = a sa 
Section angle of attack, a, -~ 
NACA 642:A215 Wing Section 


Section drag coefficient, cy 


‘Moment coefficient, Cmac 






APPENDIX IV 603 

0.082 Ce bad LTTE EEE | 

COE EE 

ra oo sama PEP EP Rese EEE 
ee ees ret peo te 


0.028 - SEs | 
PERE eee Fie Etegee eee 

















sna EEE ECEH LE Sea arer RAAT 
ELEN rere 
TELA 
ath see 









ish 
Pee Eo Tet 
BO 


1 EEC 
EERE PE 











| Faas - 

ete Ate 
pete TEESE EE 
“16 <-12 -08 -+0.4 0 0.4 0.8 1.2 1.6 


Section lift coefficient, C; 
NACA 642:A215 Wing Section (Continued) 


604 


.t 
Gy 


Moment coefficient, Cr 
I 
th 


. 
OF 


THLORY OF WING SECTIONS 


Section lift coefficien 
a 
aa) 
el 
= 
Le 
EA 
Ey 
El 
a 
at 
Be 

ea PN 

CCCI 
i ee 

ee 

+ 

rr 

ha: 

Lt 

EL 

al 

Ls 

ba! 

a 

ES 

ad 

Z 

oa 

hd 

et 


“BP “24 ~/6 78 0 8 16 oF 32 
Section angle of attack, «, deg 


NACA 65-006 Wing Section 





APPENDIX IV 


PPrreryee RE? 
ttt eee Py) Ae 
O e an as 8 10 Ht ttt tt 


e per 
Peete eee ee rr et ee re 
ee FECT 









36 
Bale ele Va 
hit ReaeRee 












Section drag coefficient, C, 
El 
Le 
Pal 
a 
Ea 
cs 
fie 
iz 
fs 
a 
ras 
Le Bal Eu 
ie ee 
Ca Es eal 
= 
ed 
se 
fe 
= 
2 
a 
ei 
Ee 
a 
Ea 
hee 
[es 
a 
ik 
xz 
Ed 


COOP P Pete ttt 






: i = 

Pepe ae edea eM a) tesa We ated Male oialele es 
So eee ae ea ok See eee 
*£ LTT? T TT TT ayy eae de tees| de fe edie cal eta] 
® CPC 6 0x0 T. letter lad 
8 gf LTT TTT 9 6¢[ 17.250 tit ed 
© SCT ) 7 Oe 
: es z lated split flap deflected 607} 





| Fa acieied 
idee i 2 oes tote 
~4 6.0 Standard roughness 
Pel eiescae es 7 i 
Pee eae eel eats 


Pv oe le Me aecde-eteieale pe tele eer Sele desl Weare | 
aS ee ee ee eed eh eae eee dds 
“16 “L2 ~8 ~4 _ 0 4 & LZ 16 

Section lift coefficient, ¢, 


NACA 65-006 Wing Section (Continued) 


606 


of 
A . At c 
ES Ww Ny: ~ 


Moment coerticiertl, Cm 


a 
8) 


Section lift coefficient, e, 


THEORY OF WING SECTIONS 


Soe oe ene eee te aa eas 
tft ff 


COC PL 
PPP tO BE 2 OH 
Pele tea te ee ee ee et 


eT Se SS ed eh dea eee I ae 
ee Heed Te SPT a Sree ae ta et eats] 
eh a ee I es 


“EERE eH 


Petts belle edd 
Sate eee RRS ES eRe EREREs 
egy Pek es I ee eee de ea 


~32 “24 7/6 -8 0 8 16 24 JZ 


Section angle of attack, &,, deg 
NACA 65-009 Wing Section 


APPENDIX IV 607 





Qe: 

< 

8 

= .016 

S eee 

Gis salad eee 

® oz tthe 

§ (Corecrcrn 

eae i 

& oe LEEELES 
Pes 
ap acc) 

met tt 

eae 





ST ae alc [a 
QO t : oe mm i e @ ° y= 

ale ede tei ele ee phd 
Pt 5 GO 


& 
Oe Ieee ele ieee ets fio 
oa ee ae eet Fle eel Ne tate Wea eed Weegee ees 
Fe el ae ee orc 
See ee ae Seas 
S LEEPTTT TT Ta Lae eeeeeEe 
9 [TTT TTT o"zox7 com | TTT TTT TTT ry 
er ee CPT 
poe ps es Oe 
ae a Uy CTE rr 
S tel aselee PT TTT 
=_g LITT TT 7 é Ce eee 
Peete eh 


Eos oe Pe ey 
ptt tt Per 

eee eee eee eae Rea eee 
7) eee 
“16 Ni2 -8 ~4 Oo 4 vo Lé 16 
Section lift coefficient, ec, 


NACA 65-009 Wing Section (Continued) 


608 THEORY OF WING SECTIONS 


lo eee ie dee ca ie ee 

PPC eee CC 
PEEP TT TTT TTT Te ar ae 
eS E er me 


’ 

. 

' 

4A 
cy 
a 
a 
is 
fo 
zi 
fea 
iz 
os 
i 
a 
Pos 
Pal 
leat 
El 
al 
Ea 
i 
on 
a 
Ky 
® 
el 
iz 
es 
fis 
ies 
Es 
hed 
cea 


i Wiad 
Ww Ny 
al ‘ 
\) ce) 
Ea ae 
ie 
a 
a 
Ei 
eal 
oa 
= a 
i | | 
= a 
Pl _ 
rH 
yt 
ia ais | 
ie eae 
i Be 
al ca 
= fe 
ee bes 
a iS 
Shae 
Pi 
{ 
| 
| | & 
eddies 
Lita 
|_| 
| 
Ee 
ales 
| 


t 

#& 

mS 

DY 
La 
Ee 
Ey 
Ls 
Ea 
a 
el 
a 
He 
Ey 
i) 
a 
ie 
Ea 
ed 
es 
a 
a 
x 


Moment coefficient, en 


72) ee eee 
“32-24 16s! O 8 16 24 32 
Section angle of attack, &, deg 


NACA 65-206 Wing Section 


.t 
W 


APPENDIX IV | 609 





£ 
é 
S 
a 
lei 
= 
2 
Es 
i 
z 
al 
fd 
a 
es 
ed 
= 
es 
fd 
- 
= 
mn 
> 
i 
a 
Ls 
iS 
Aa 


Section drag coefficient, 
ad 
Ed 
ie 
el 
ai 
ea 
Es 
lad 
Ale Ls al 
rei || fei ol 
ees ta eal 
hes 
ies 
ed 
ie 
i 
a 
i 
ee 
ial 
ie 
C4 
La 
ts 
i 
fa 


a ea 
eel te ee 
PEE eee eprere 






c Eee ee ede ed ke oe Lena eae oe aha 
ge Weed et ee ab done date ede tala dal 
E _ 2 le teehee Welbe lcaie ele (a ee ie dea dle ae 
Sea ale eel en, del ilectan 
=~ ~ELitit ft | tal {yy ey ee Pf 
9 |} ] { ] { | fo 320x008 Pi TT Te TE ET ET 
Q 

O_o | | | | [| | jo 60] 7 7 7.257 pee We ol Pe | 

J > 90 257 
pode ye File ec| as 
g Pt Te TE ; pa 
Be ete eee ft | tf fl 
Ss eee \esbia 
et tT ft me 


Eo Eee aie] 
ee tee eel pepe i, 
foe pe eRe ae ed seco. ieee dp dep a 
6b We ee ea eee ola lie 
“16 A2 -8 ~4 QO 4 8 Lé L6 
Section lift coefficient, e, 


NACA 65-206 Wing Section (Continued) 


610 


cH 


of A 
& N 


Moment? coefficient, e,, 
. 
4 


THEORY OF WING SECTIONS 


fale ale 
eset DI Ue Se fed ele eS ed Fede ala ee) ai al ee clea 
fa a Me eee ee es Alea Mille il ai el dll shee eared 
jg ee ea ed ee al ee ea 
Cleat acide ested ee eee ede ls | ela ecole 
pe { [epee eel 


Section lift coefficient, e, 


es a ee ele le ee ed 
7-2) cl LR OO HD 
-32 -24 “16 -8 0 8 16 e4 Je 

° Section ongle of attack, ao, deg 


NACA 65-209 Wing Section 





gaa eae ae ae ba ey 
eal 


Sectian drag coefrticient, ec, 


APPENDIX IV 


611 


a/e Pil ecalesealoled ele 
Popes le eel ee eee eee ie ie 





™ac 


3 


Moment coefficient e 










-2 
atte ene eee Ea ee ah apg 
CEE Hee Hae tye HEE 
O 2Oxl04 -@/ 
=EEEEEEES 82 Hie ea 
dasa Standard roughness Aco 
ve ae Q20c Simulated split flap deflected 60° ee Wed ala] 
V 6.0 
od +H tan Standard roughness ee 
paar cleo tel de tee all taller lecular al 
Lae eee ie de dele oh ye ie ap 
el ee aie ede elcid 
“6 -L2 <8 ~4. Oo f 8 12 16 


Section lift coefficient, e, 
NACA 65-209 Wing Section (Continued) 





612 


_ 
Ny 


Moment coefficient, Cp, 
7 I 
A wy 


.t 
WY 


LHEORY OF WING SECTIONS 


=e Mee ese eee ie 
FEE EEE EEE EEE 


eo ert 
Bt COC BRS ee 
PCE ca Ec 
Bees TP CCC eS EB 
es CECE Cece 
eget Sia oar at eit 


Section lift coefficient, ec, 


-32 -~24 =16 “8 0 8 16  =§ @4 Je 
Section angle of ottack, &, deg 


NACA 65-210 Wing Section 


s ge 
foe Ie A TN NT A LL TT TT TH SPE ee ESAS ra SES i ESE eh fe 





APPENDIX IV ~~ 618 





7 meee ti 
. ue ee Me eee 
2/e CPT 


abet ee Uae Ole a ede Collected (ait) ae 
BEER EEE Eee 


pee EMSs ee Vesa dee Ne Me deg (cates ole en cee 
fesse ae adel eae Mee Wee ele telecine el 
Tt ee pee <b HO 


eA eee ee oe oe te ead 


a ae 
. ieee al et eee) te ited ais 
opt Sele eile eat Welles a riley oe 
Ce i 0 Ge 
a Ht Se eC 






Odd] | | ETT ET TE TT 
op el ee 
ee La 







Moment coefficient e 
Us 
ral 
a 
i 
ee lsat 
= i 
ea 
fe 
QO 
D 
© 
ba 
a 
ed 
Ny 
N 


ee ee et 
wale a 
Teri Pr 
teeth Lie re 
Pe es et ee 
Meio t erties 


“1.0 he a0 “4 O A So Le 16 
Section lift coefticient, e, 


NACA 65-210 Wing Section (Continued) 





614 


4 
~ 


ct 


a 
fy) 


Mamen? coetticient, Cm 
t 
h to 


t 
eS 


LHEORKY OF WING SECTIONS 


Section lift coefficient, ¢, 


a lee Peles 
7 A Ol OP a a OO 
~32 ~24 16 -8 Oo 8 16 og J2 
Section angle of attack, &, deg 


NACA 65-410 Wing Section 





APPENDIX IV 615 






Pettitte 
we 4 s 8a 

x/e PA tek ee 

Lee eee en kori 

alee Wah ede le ied eh cee (oe 


Peale 
Cee tlie et te tT ere 
PERE EEE EEE 





Spe se eee oe eer ayia 


3 re Pl 
Ne 
| eee 


Section drag coefficient, ec, 
= 
is 
a 
Ee 
Fe 
fed 
a Ee 
Ey Eee pled 
he a 
es 
Es 
[ 
Ee 
4 
i 
= 
Ea 
Ea 
Cs 
Es 
cs 


1, Cra o 


1€7) 


Ee 
ela: 
is 





Aeae ee 
irae eee 

ee a Eo eal 
eee See cee ee eee eee 
Ee ee ieee dee et ad | apa 
Ot eee Ade eae eee dee (ieee at hoa 
“16 “he a6 ~4 QO 4 6 Le 16 
Section lift coefficient, e, 


NACA 65-410 Wing Section (Continued) 


Moment coeffic 


616 


/4 


c, 


Moment coefficient, Cm 
J! oe | 
oN Ww fh) 


A 
Ay 


Section lift coefficient, e, 
Q 
iz 
ie 
feet 
el 
fa 
ES 
4 
ei 
Es 
ha 
Ea 
, Si 
RSL 
egos ees) 
ba 
Es 
is 
fe 
me 
SG 
a 
= 
OT 
fd 
iy 
ie 
ay 
ae 
i 
Es 
Ea 


TH LORY OF WING SECTIONS 


Wee se eran ieee eee 
Ee te ee eck et det eee de lester ae i | 


oleae Ls | ea hell 
MZ PD adhe 
eles dc tee moe | | | tt | td 
Pte dee hse aloe gt] Pree 


Ok ee est 
Reese aM alee eel Pec eel elle Ie Decca aia |e 
He Pee aecsle leedleral Ja) ONE al calcele cles teal Hea! eee 


fe ae ete eee anal 
2s aaa eee eee eee eee eee eee eee 
a AT) ee ect Shee ype ee Mee ee eee eal] es 
ai ~24 16 -§ Oo 8 16 o4 32 
Section angle of attack, &, 7eg 


NACA 651-012 Wing Section 





APPENDIX IV 617 


036 
eee eee dean 
SHH HE 





il BP a it a Ha a 
Merl leh el Pe 


’} 


Eee alsa Fa 
yor} ttt AT 


Section drag coesficient, 
a 
Ea 
Ee 
fe 
[cae 
a 
ae 
a 
Le 
aan Pe] 
ea Lee 
pale ee ALAC | 
= 
ee 
fl 
he) 
Cal 
NS 
al 
i 
ie 
NO 
NY 
~ 
ez 
es 
il 





& 

am Oe Oa ee OS a a a a 
Oo ee 
§ 2 CECE eee 
eee COC 
s Pa TT seg ye PET 
§ Coo C255 f-06 TT 
Ss TTT Te ea | Th 288 f-a02 
> “CETTE 9¢ TTT 12 ete 
Ste ie he 
o Heer Pelee 
SEES Se 


feel sli 

ete Ae eae ese ie sie Une ae aire ei a ian 

Reba eee ele ii slew dei e 

ovis dees ee aries (ed aerate eto a 

“6 a a0 4 Oo 4 8 12 16 
Section lift coefficient, ¢, 


NACA 651-012 Wing Section (Continued) 


618 THEORY OF WING SECTIONS 


2.8 






0.20c simulated ap tO =e 
flap deflected : 
| R 


Vv é x 10° 


py Standard grougnnes 8 | 
‘oh nae 


(ne 
COCO 
LLL 
TT ek LL 
2 CCo Ae 
“ete SC 
0 CEES 










2.4 











2.0 












Section lift on C; 

















0.1 0,4 te fi dg e 
i anim bar dard roughness 
Yi 
-* thet tte tt 
Y 
= oi -o¢t-_ tits {tal - 
é PCT Tr 
Sai ahi bckkee. SECU 
5 * ! | 
= - 0.3 - 1,2 0.20c simulated s LAt 





flap deflected 60° 
R 


-04 “16 bt v6 %10° 
~ 24 


-16 -8 0 8 16 og 


Section angle of attack, @,, deg. 
NACA 651-212 Wing Section | 






Section drag coefficient, cy 


Moment coefficient, c,,, . 


APPENDIX IV 619 









EE 
ieee eee eS 
SEE REET 
von Ld bak eo te 
HE othe 
aot a8 | xe 
eax , 
0.016 ht 
PA tet 
Pr ee E MR 
TT ee 
0.008 Ee 
FEE x 
.00 
eT TT ee 
aan rrr 
SL, cessed ehelatal toler | 
ert tt TPP r ri 
TT raat: 
oat 7.1 ts 
Er Petts 
dl ak Pitt 


-J6 -—J,2 -0.8 - 0.4 O 0.4 0.8 12 1.6 


Section lift coefficient, C; 
NACA 651-212 Wing Section (Continued) 


620 THEORY OF WING SECTIONS 


z 

Ly 
a 
hl 
Ls 
fy 
fal 
i 
es 
al 
ie 
ist] 
El 
Id 
fa 
fea 
SS 
ae 
Ea 
Ed 
4 
a 
Dh 
ro 
S 
es 
fia 
Es 
i 
Zz 
ed 
a 
ea 


aT tt Ee 


Section lift coefficient, 

es 
a 
Eo 
a 
ea 
a 
feel 
= 
ba! 
al 

coe SS 

rt tT {T_T PSY 

jf | 
Ea 
a 
oh) 
ha 
Ea 
a 
fe 
Ei 
ea 
fe 
a 
o 
a 
ime 
= 
Cy 


S 
Pe oe eof ea ee ce haf lea) ales [eel ge Pel! 

Oo FCCC et CC 
CCE Tah CTT 
FTI EET TT POOR TH a (LLL LT 

i CoC CEE 
See ici isi eer ois el ici 
CCCECC EE 


¥ lees es fal Tee We ok | ei ee Pl 
ee ee se Perel ge ccd he te ea eae A Pas 
et Nel leh fy kee ee eee eee REE 
Pes let eo re a Lt fe te a 
ae ae lee Pe ey | ers 
sin, es ad eee ala Nt le SVS esIL se scl Pte ead lee ea ae 
ig else (OU ocean i ieestoaled 


1 
A 
' 
_ 
OQ) 
ea 
a 
el 
Ea 
[a 
a 
De 
a 
es 
Li 
a 
Es 
is 
= 
fed 
re 
fe 
fea 
La 
ES 
iy 
Eas 
pa 


Moment coefficient, Cm 


.! 

YW 
1 
\ 
S 
iS 
Es 
Esl 
i 
= 
a 
Ea 
Ed 
a 
Es 
a 
ha 
eS 
es 
a 
= 
is 
es 
EA 
ae 
Eu 
Ee 
Ey 
i 
Ea 
a 
fa 
Ee 
eS 
Ei 
= 
& 


“32 -24 -/6 -8 0 8 16 £4 32 
Section angle of attack, &, Veg 


NACA 651-212 Wing Section 
a = 0.6 





APPENDIX IV | 621 





4h ee i oe, eels 
Pps ae Noe AEE 


Section drag coerficien Gs 

Es 
El 
Ed 

ea 

ie 
| 
Lc 

, 
ei 
= Ey 
Ye ITT 
LL be 
Ls 
is 

eal 

Ca 

ea 

a 

a 

_™ 

[ea 

ie 

Ez 

So 

ie 

ee) 

Ey 

fs 


0 ee rae ee) toe 
ST oleh tbh RCC eh 
RTPI eT TOT To Py 
Es De OR sO ey s ( 


eI te aa a ee ede | ode eae 
2 CEEEE HEHE EEE er 


4 Cn 
ey 
a 
re 
a 
ca 
ae 







C 
ge ea a ASIC deuce les! 
s LiLIiTT TTT Party 7 A CD 
S Ett | ft fo saxo | | ea ase 
a ee Cle ae ceil oles 
Bee a 
Oe alia = ee ee 
S. (ose eee 
= -J a is Spa fandard roughness at 


earaloa eal ae lie ale sts 
eel beeline 
ee eee ee aaa 
a pe eee eo oie era 
“1.6 “he =O —4 0 4 8 Le 16 
| Section lift coefficient, c; 


NACA 651-212 Wing Section 
= 0.6 (Continued) 


622 


Ch 


J .t _t 
A uy A 


Moment coefficient, Cy 


1 
Lo) 


Section lft os Cr 


THEORY OF WING SECTIONS 


Pee ee eee 
Sevier acca thc 
Sees oni) Wei he ee re 

ae ee a ee ee 

PS Ip ete aaah ii ial ce seals 

pC erin wee: 6S A A 
ES meat Perici 


PSs eee dtl ade eed ml oted ae ella cel Stites 
pelle Ne Ma Vet le tefl Ve Nee (ede Mee enya etcetera 
Pe eLae eae poeple leas one 


Zeke Sea Lf ant 
Pee el Seley cel Veale aaa AL gee le eee eee eel lexical 
ae e eee eee ee ECE 
eA EEE eee ee 
“EAE rg Eales aie tle 


safety . 

COC CCC CC eae sues: Sam mes ae 
CREE ee 
ACT CCC YC EE 
COCA CCC CCCs 
PCCP Bek 


oe 
coor Bee er 
EEC CCCC CEE EE CELE EEE 


een eee We lee LG 
OO ata ese Pelee a oe sect ates sd ete UCase Mes) aie el pepe 


a ~24 -/6 -8 0 8 16 C4 32 
Section angle of attack, &, deg 


NACA 65:-412 Wing Section 





C 


Section drag coefficient, c, 


ac 


vw 


ee 


4 


Moment coefficient, ec, 


APPENDIX IV 623 


036 
Saas eee 


| Weel i 
0 2 4 6 8 WO} | TTT ar 
a/c pt tT PT Ty 
eae iso ia 
eo Meee le olor a tale i eae) 


eo eet adele ria 
Bei 


COASTISS ES 
oos| TTT NINERS OO 
ele a b ra 


ede 
gee hace ee ah) orate 
ees eae Tes eee ened a ies die ies 
rie ea Pig te ea 


pt tt | [pb aot OO Serer Rat OEY 
oft Ee ee eae der vee ae 









pie eee dedi seats eee er cata a ete 
se OO i ae bt deat deeb es 
Relea MecIe eu gpe ats |e ie ee a ie 
Bee -047| | | | T TPT TTT 

3 LCCC 1s So ei 
PTT 29 (77 7:265 aon 
aaa ated split flap deflected 60° aaeeee 

V 60 
4 Ht 7 6.0 Hy Standard roughness eH 


eae fester cabal 
fades esse eae ae Meare Ne Neg eel ee shed ales 
eae a eel ae heya ote eal doa dole ae io 
eee de eee eae eee tees Wer ples 
=10 “he, “Gg ~4 0 4 6 L2 L6 
Section lift coefficient, & 


NACA 651-412 Wing Section (Continued) 





624 THLORY OF WING SECTIONS 


Pee bale a healer PoC aeons 
Pee eco cecdiedde tue ee dey ee ele eal 
ft eff 
pees ya aledes eee eee 
a = we er 


PEELE ES se 
ECE eee a 


Section lift coefficient, C, 


a A 
0 SCE EEE Hare PEE 
oS ca ry ry ere! TTT tT TT 
PET TTT Tyr TT pe reer 
Lesa ahs Meee 
sydd alee Ge OF il OY Ft sO 
Nt ee ee 
eM Steal eee Met sce ee Ped We eld 
la ele leek ese le et ee Pee ead ales a 
Sessa eae Pees kee eee eee eee 
COCO CT CTR Eee 
PTT TTT TTT TA retell TTP PT 
Ct 

IZ Sica glee Veale Wate diedieslea 


o” 
~~, 


ef ad 
hy 


4 
ou) 
a 
A) 

fe 
fal 
ea 
Ma 
BS 
ed 
la 
a 
eles 
NS 
= 
ime 
a 
Ss 
Lad 
= 
xz 
fed 


¢ 
- 
a: 
Q 
el 
ey 
es 
eal 
ial 
-! 
ea 
si 
La 
a 


a 


Moment coefficient, .Cm, 
pa 
a 
Es 
is 
a: 
Y 
S 
ma 
Bd 
alee 
hae dledldecd 
Pel 
| 
ibd 
ea 
a 
a 
Ee 
iz 
Esl 
sa 
ed 
al 
rs 
[ea 
ie 


al 
Pale eee Pe eels Ste eels aaliyah despots ae 
Oe Nese ead ee ee Sle Cea ede i esa see SIE pea fe a 
~32 ~€4 “16 -8 0 8 16 4 J2 
Section ongle of attack, %, deg 


NACA 65-015 Wing Section 


.? 
N 


APPENDIX IV | 625 


036 





pi eles 
SESE eae aksaiieiiehsra ede 
peel esac cs HO a 


Section drag coefficient, C4 
fe 
ey 
Ew 
4 
“1 
fa) 
El 
fie 
a 
2 eT 
ACA 
AL cs ES 
a 
Rel 
el 
fal 
lz 
fe 
a 
HS 
be 
N 
me 
PRs 
Ea 
Es 


ot eee RCCL Cerra 
CREPE TPT ECP Cer Pere ere errr 
PEE EEE ECE 


c. 

faa 
ea 
ia 
cA 
es 
Ee 
Ed 
a 
fe 
EI 
Pa 
a 
x 
i 
Ea 
a 
LS 
= 
as 
Ls 
ial 





Eg 
Z Eee ey oles de oe dal I ee esol hele] 
oe eee ie balboa le ter eae 4 
PEER gabe CEE 
> R 
~ 

9 ttt ttt lo sons TT EA AS aap aed) a | 
Vaso lo6ee tesa ee Veale eles 
i: Ht HHis 3 ; [| fe | oleae Pelee) Meee 
& : : 

§ EAC Wall 0.20 simulated split Flap detlected 60 Pa eos 
= : PEt Ty 


ae isl a area ae 
Se eee elle Sera pec pe eae 
ee ee alee ee eles teal Pai Nee bale eas 
eo tt se ee or) ete ded ia | 
“LO “h2 “8 ~4 OQ 4 8 Le 1.6 
Section lift coefficient, c, 


NACA 652-015 Wing Section (Continued) 





hn * Fin 
Brigette: 


A | 1° 8 
A Wy) N ~~ 


Moment coefficient, Cm 


of 
Oy) 


Section lift coefficient, 


SOM eee ene ates ee Mei e ce 
tf et Pe 
Fcc ok es se eee ete ey enol 


2p {Et tt 


Peer 
CECE EE 
TTT tt 
fhe le 
CAEP CECE errr ee 
HA 8 8 9 a a 
CECE ECC 
eo eC OP 
eC CCEC Eee eee 
COPEE PEEP ee 
er et ce ei 
6 -COCCOP eee 
SPEC EEE ee 
COE ae 
SCC ey er er ee 
CCCP 


a RAY SAS See 
eC ie a 
: 5 CO Sk A 
Peet tte 


Eeaeeal| PO~-od of | | 
PPC eT etter | ft ttt 


SESE | 
es oleate ecliesee cc Res eal ao weaned 
EEC a 


a % 
anne ae ce eRe a eee 
TTT Wi eh be TT 

jo LL eve TE eee 

YP 


“32 =E4 -/6 -8 0 8 16 oF 32 
Section angle of attack, &, deg 


NACA 652-215 Wing Section 





APPENDIX IV 627 


aria. 
vert a er) 
eet rete 
PEt to 
Preis tet 
er. 
Pieri 
Tt TLE 
e CCC 
ee Peet ee) 
PETIT ri itis 
neal LL CEE eee 
247 
COCCI eee 
COCO eo 
serie cee ttt et Leia 
820 er 
e COCOCRe COCOA 
§  COOBCACCAREEE Eee eee 
© oe LOCC ONCE 
SOT TTS THT Ye 
SCOOT CORE ea 
. CORAL COCA Vey 
© 2 DOONAN 
| CORRES TAT 
§ FCOCCooNeS CSS eer ee eC 
S  CCOCCCOCOONRES OC ee 
Peas CESSES a 
OO OSS er 
EO a RW YA a 
COCO CCE Cae or 


ec 


Moment coe pele? ft, 


See ee ee ee a 
T_T Tet ao BIL OO COL CED -CSH OS 
Prerrerrr ri TTT Tri iy Tritt i tii 
ay Polel eele elect eae eos oe i ei eae | 


™a.c. 
el 
Et 
Es 
i 
ko 
Lig 
ES 
acl 
4 
im 
z 
hs 
Es 
i 
fal 
Es 
Es 
ez 
= 
= 
ee 
ea 
cl 
i 
hd 
ps 
al 
a 
i 











Sl ee ee eS Peed estes 
weeds Wallets: (ak Mel ale lea | Seelh oll geis position Panes ee 
aes Eas Xe y/e 
Ft ttt tt fo 3 | 1.268 -06/| | | | 

_7- Itt | tio 60 | |.269 -o43; | {[ {| | Tt id dd 
Eel ede 





PTT TTT Tio 3o | | |.c69 = -.033 ade eg 
ee ae 6.0 Standoerd roughness a 
ale hpi simulated split flap detlecred 60° Leket bal 





co 83 CH st raat EEE 
PEPE PEE Pt tt tt tt 
pt eel es desk she bs es 
5 EERE EEE EEE EEE EEE 
“16 “2 =O. -4 O 4 8 2 16 
Section lift coefficient’, © 


NACA 652-215 Wing Section (Continued) 





a! 
™~, 


Ce 


. 
M% 


Moment coefficient, Cm 


. 
A 


LHLORY OF WING SECTIONS 


EEE 
Po Meee eee aoe eiaioe 


set es Sr 

EEE 
CEE eee 
cre es 


Oe ee ye Hg SSS CLELE 

S COCECE ECE ees 

eee MT es IN Ne 

“TT ETT? tt? ttt tt tia tt ee Pb TT 

Te ah De a ee ys te 
Le el 


Section lift coefficien 
a 
ed 
- 
LS 
z 
= 
a 
fed 
a) 
= 

re oc 
TR! 
Pe ed 
oecoite Br ea 
fs 
4 
iz 
re, 
i 
= 
= 
= 
z 
eo 
Po 
Ss) 
i 
nl 
ad 
ei 


aan s 
PCC Er 
CCC ee ees CO 
ALEC ETP any 
Tr i PEPE a 
COCCCCe Pe Ca CCR 
PEEP 
je LOL Yee 
COOP 


a oe oo lee Nes ead 
FEE EEE EEE EEC EEE 
OO bee ee eo ee Ae 
“32 -24 -/6 “8 O 8 16 LF 32 
Section angle of attack, &q, deg 


NACA 652-415 Wing Section 





APPENDIX IV 629 


036 
peed lea eect 
ttt 





Section drag coefficient, Cg 

i 

i 

ES 

be 

zl 

i 

a 

ed 

ie 

ee 

i 

| | et 
PiOol [| brit ttt tt 
A {/i ti xt. foal 

$i} | 

a 

a 

let 

fs 

fe 

fT 

Es 

i 

w 

iz 

fe 

NS 

ie 

ine 

Bisse 

all 

Bed 


Se ee ee ee 
PT eh SO | 
cq Se eee 
Oa (ede Webebol eee Vea Se Tey ee 
eee testes ARRAS REARS 
feeder ae ale hee cae ede ala cal cole cgih Sees ede iene cate a Ae ale 
3 ey ff pb 


eee 
eee Wha alals al | ti ices ape 
a.c. position 
Pte tie ge oes 


f, Cm 0 


cen 























= ia ae ye Ed 

> CCPC sow 1.266 oes Tr 
Oise be wre) aloe) Coo. 1s) i ee 

J 8.9 268 -.062 

se “TTT Lie @3t tt 3 pee Melisa siecaleste st 
> LLELLL_LLI IS &2 Standard roughness Ste eee dle 
S. Udo 0.20c simulated split flap deflected 6 Ot hehe 
S 6.0 

: 4 tt 7 6.0 4 Standard roughness ttt 


ate | ak 
See atthe Paes 
eel Oldies eae ee fe ale Cake cuales el Sie space leleeceh tae eee 
ele pete be ie eed ee I eel 
“16 he “0 4 0 4 8 12 1.6 
Section lift coefficient, e, 


NACA 65-415 Wing Section (Continued) 


Moment coefficient, Cme/4 


0.1 


Section - coefficient, c, 


LAV #1 12 


ep 
wCLLELEEL ELE LLL 
eee 
LLLEEL EP EP 
FPEEEEE CEE 


Za 
SFT 
He 


1.6 






1.2 








0.8 bo 
“EEE CCC 
COO 
OO 
SOO CTA 
CONCEAC EE 
LLL ee 
SCE 
= EAREEEE CT 
Co 
ai CCEEEC ee 
PEC 
- 1.6 





--24 -16 -8 0 § 16 24 


Section angle of attack, Go, — 
NACA 652 oo Wing Section 
= 0.5 


Section drag coefficient, c 


Moment coefficient, cm, . 


APPENDIX IV 631 















0.032 

alhbadublg etl tt A ott! 
oars I ff 

ad Os oma me Ss Se Biiz 
EERE 
oot + |i | ttt Tyra 

| Acc k alba Hid | 
bei beet chacta! 

PET Tt 
now 

pit} [ta 
0.008 hecho adud 

ae 
0.004 

| 

pbeded tt 

eee ee 
nt 

= oe Ht 
- 0.2 ps o x 108 26h 082 aes 
os EET 






~16 -12 -08 -04. O 0.4 O08 12 


Section lift coefficient, C, 


ee 652-415 Wing Section 
= 0.5 (Continued) 


632 


Moment coefficient, Cm ag 
' .? a* 
wh w Ny 


t 
W 


THEORY OF WING SECTIONS 


3.6 

TITTLE LLL 

FHC EEL 
CEE EEE EEE eee 


Section lift coefficient, ¢, 
& 
Pal 
eA 
SK) 
es 
ee 
el PS 
Ed Pe 
OH 
ei 
i 
ca 
x 
ae 
ea 
x 
ea 
Es 


a 
CEL apeoose errr rr 
COC LLL et poet TT 
EEE ERE EEE Sep 


Pett etek tle te 5 a a 
eae CCC No tt 
TCT Ee ae Be eee eee eeee 


TT 
CCE roe ae Tt 
CORE erie TTT 


joLLLET NTP Peel TTT 
cee tee ee Pee Weaeale 
Pa eee eee eae 


pas 
-20 ELLE i 
0 8 16 


“32 - 24 -16 = 
Section angle of attach, &, deg 


NACA 653-018 Wing Section 


APPENDIX IV “633 





ag 2 4 6 8 10 


le i a 

rere rrr 
woeLLELLiat lite te rr rie 
Wri tt 
EECCA 


Cl epel cele a hela Glace siete! 

Sea be eioleiee aei iao 
SCARE EEE EEE EEE 
CCEA CECE a 
COCOA CCR EEC er 
SOCCER RTT Te 
CCCI eV 
ae ECE CRENE ERE Hs e 


S 
— 
0) 


Section drag coefficient, C4 
S 
Ny 


z 
906 ee a 
Pf tL te tt 


Sead 
5 st el lel te. Po blog 
6 FA co Be 0 










= Pt ee as oe 
§ CCE ee 
3 eaieaes BeBe eas 
= cote y/c FEC 
§ CO : 270 |-oo7; 11-1 
ofr e6e | 268 Poet 
© MCC TTR s2 Ty 267 siceets 
: aeeeee 9220 simulated split Flap deflected 60° eee 
Sa CT 6 


at Standard roughness a 


Faas es 
CECE EEE EEE FEE EEE 
PECECCEEE EEE EEE EEE EEC 
Sf ee ee ed Ae ee ee 
AG “$2 ao “4 0 4 8 L2 LG 
Section lift coefficient, ¢, 


NACA 653-018 Wing Section (Continued) 





s 


~ 
— 
~ 


\ 


G) 


4 


Moment coefficient, Cn 


£ 2d ao 7 eed Ura Te ae oe ee ee ee ee oe ae 


16 St ee 


Section lift coefticient, ¢; 


ei : 
Cor props Sa 


TOL at ey eae 
Prepac REO > 


pola xsl | Pas 
Pt Tt | POR 
pl a 


. ~ | | | te Ps 
ft Tt et tt gt 


Petes Mtoe SOSH see eels Deedee hs 

Soh folly aia ale Mee a fea ee eee aie eee oes 

“32 -24 ~/6 “8 0 8 1/6 a4 Je 
Section angle -of attack, Ko, deg 


NACA 65;:-218 Wing Section 





APPENDIX IV 635 


pT tet tt Ty 
ert | | | Peet 
tt 










oeg|_. 
O 2 4 6 .8 WO Lt Tt TT Py 
it fei 


lL Cg 
Y 
S 

al 
hal 
Re 
@ 
eal 
fal 
a 
a 
L— 
iz 
| 
hed 
i 
oe 
a 
ir 
2 
i 
Ed 
hd 
i 
ea 
Ee 
gs 
ia 
eas 
ay 
Ea 
ie] 


mK Bes 
CECE eo 
a6 LSC ee 
OUST TTT eee A 
COCO REN ee 
e LOCOCO RT yao 
ge LOEINEC RCC R ECT ee PO 
eT TARTS 
COT NNSA TOTO 
COT RNS oo 
nog CRS 
COST Ret oe 
COTTE 
ae LH ger 


ven 
ia 
aE 


coeffic 


la 


Section di 


oH ee 
Litt a ET Tr 7) 
a 9 2.90 38- E 


Aa> | 


6p 8—~ =o <4 - 8 —.1'4°O Sh ==<5 wae a 
eS et Pe ere eer 


™, 
it 
ce 
fa 
hs 
2 
eal 
A 
= 
cS 
= 
fee 
es 
2 
pl 
| 
S 
ro 
ei 
ia 
es 
Ed 
Be 
[ee 
ez 
a 
ea 
ia 
fe 


ee estes eee et edhe a ei lc a 
S* Sue ec 
y/e st 










1 
a 
es 
Ss 
2 
fe 
o 
eS 
Q 
S 
fs 
Es 
i 
aw 
~~ 


“O97 TTT TTT TTT TTT 
“LLET TTL Ie 207 [ 7 [263 T-.027 eee ys 

ot ok tee 6.0 Standard roughness 

Pee eae simulated split flap deflected 60° TTT TTT 
-g_t titi lp gpl tf ee tal des 
WErr Tris elite eT errr 
Pap Ceti ee detec led teh ec] 
SERRE 
ee a ee eo | ee ee ete ie 
“i686 Ee ~8 4 Q ef a ' fe 46 

Section litt coefficient, e, 


NACA 653-218 Wing Section (Continued) 





Moment coefficient e 
| ae 
zi = al 

= a 
= 
= 
Fal 
a 
O 
Gy 
© 
x 
S 
a 


.! ot .! 4 
t\ lo Ny “ 


Moment coetficieri, Cer 


.t 
in’ 


Section lift coefficient, ¢, 


THEORY OF WING SECTIONS 


Sry ee oe ee 
Romie oie. 


oo | POOF Pen PONE 
5 ry 
- ye dole ek A eee ea ORL es 
Moe ee al te ee 
Ap 
ee ce deere Ve ree alee 


Tt TRE | | |g Ea Re 
PTT eh | eft Pe eset de eee te 
ay Oop) | | | 


es 7 a 
jaCLLLL Le Pe a Pr 
Glas SCE die 


El 
ale tees eal) A ts ee Ma es ede eee ah ses 

sre el eed eda We ee eee ede head a alles 
“IZ -24 -/6 -8 O 8 16 24 32 
Section angle of attack, &, deg 


NACA 653-418 Wing Section 





APPENDIX IV 637 


036 
eA epee ee 





peat st c At tt ti rar ee 
OD 

CECE Cee oo 
Pec tht ttt ia 
oe OOOO EN FA 
) -CECECECNSBECE REA A 


ag coefficient, Cc, 


Section dr. 
Ca 
Lal 
Cal 
ne 
ai 
= 
Ls 
Lf 
TA 
/ | 
ZI 
el 

LD | 
cca 
La 
fed 
i 
re 
ee 
ea 
a 
= 
i 
Ea 
Ef 
x 
eh 
fea 


AoW! eae Armada \ tem Dtemmatel Nee | 





Zn ORS EAH oo 
ee eel ae espe aoe aa 
po ee eee eh Voc deal Ara old dei ap eI 
a ee tae Lae | beta Vala bea ed 

leis de iS a dete Ue eeaiad Wei ieee 
peel esis eal elec leslie ie hee eal ee 

See eal othe ele ae 

< lade elo a tes vel | lttreereee tt 

v es z eke akelale ie drs 
©. TTP TTT leet TT 1263 ale Role nei 

as (ee Ty [265 SW cae eee. 
ee dies a elated 

B. doeae cee cial 

* Abe” SEE EEE 


aes es 
fosfiatl et asta le Meola tes ee alee ea eee Ay eel aes ogee Tee ee 
Eee eeai ele eg Meals Vee a ete dc doceaie eae ad 
ele ed Ee eee ee Ode |, ed 
“16 “1? ao -.4 O 4 8 Le 16 
Section lift coefticient, C; 


NACA 653-418 Wing Section (Continued) 





J 
~ 


; 
Ny 


Momerrt coefficient, Cm 
a | 
A Uy 


of 
O 


Lit Oiet. Wer Wiehe uo 1 TU 


entre Pheer Pre eee 
POTEET EEL L$ELEE$ELEELEEELELT_ 


. 

Petree et lcol oie halle ccsiesWi Mut Se sce eect) cae ed esc aile Sleds 
eg ELLE 
SCECCEC CEE 


Section lift coefficient, C, 


PET TTT TT Tet Ae Pt ET 
PEEP rT TT 7a eee ett | tt 
co aaa ade ae Mey op sees See oleae 
Pre cet ed eri) ec ly yeah tected salah eae oes lee 

beetle gist eases Eee peel hy 


Ese eof al clei Weald) delat peg eee Ie lead ey 
ee Obes eee Pale ie ctl ele Ne) espe fe et ee 
~J3e -24 -16 -8 0 8 16 4 32 
Section angle of attack, &,,deg ae 


NACA 653-418 Wing Section 
a= 0.5 


fo a mr em ae ea ie ee og 


APPENDIX IV 639 







So pees 
FERRE 
6 @ 





0 2 4 


Section drag coefficient, c, 
= 
ee 
fo 
= 
au 
Ea 
fe 
a 
= 
Be 
2 
, Estep ats 
od) | | peep tf 
et tt i tt 
el 
i 
el 
ew 
fy 
i 
Ea 
Pa 
cS 
ed 
i 
a 
ha 
eed 
Es 
fe 
ee 
Ea 


Cn, 
Ea 
Eo 

Ee 
Ee 
ie 
Ea 
ee 
poh 
Po 
ha 
i 
et 
fae 
i 
a 
ted 
x 
ba) 
ES 
Ed 
he 
i 
Ef 
x 
it 
Es 
a 
fae 
a 
fe 
ee 


ee Peel Me tesa Wh tical ee deal oat sess Weel stele 
bp Neder Me Me dese Te ca eseey lealeda de eu | tell cde Mele 
Oe ede a reste IC alle lees Secilacy tionit | tt | 

Estee ee aegis Ip seal 


cent, 





/ 


Moment coeff. 


ete eS eee te eee ied 
“16 12 ao -4 Oo 4 8 L2 16 
Section lift coefficient, « 


NACA 653-418 Wing Section 
a= 0.5 (Continued) 





O40 


c/4 


A A t 
w Ww \% 


Moment coefficient, Cry 


A 
a 


LHLOR) UF WANG SLCTIUONS 


Soe eal e fe ae fs Megat lcd oe tc OS le octal lee Slee egal acetal 


Section lift coefficient, c, 

S 

is 

i 

ES! 

= 

al 

Ss 

es 

pe 

ed 

cel 

ee aS 
> 

CECE SS 

ey ees 
Ls 

pea 

Ea 

ia 

Ed 

ES 

Es 

fed 

Ls 

fe 

a 

ed 

Ea 

= 

2 

fs 


eae eile 
Me aA eee tse eee eae fea a SMS Os af el ee oh eee areca 
=Je -24 ~/6 “8 0 8 16 CF 32 
Section angle of attack, &q, deg 


NACA 653-618 Wing Section 








Section drag coefficient, cq 


APPENDIX IV 641 


/ Ee 
Pe ON Merle siateal Shei Pellet lei edo rele dele a 
peg TE | Ra eal ea Ol (ord 
ee OV Nee heal Oe aL a eae eit deel ola ah eddie ei 
ce eee ee ee Ea i ia 


seats COCR ein 
SEER EEN ery 
CCPC er ce 


a PP TTT Teroop pe 
oo HOE Ro 


vs fi tt ttt Ep yerorr errr 


c 


~ 





icient, 


Moment coeff. 


Ral 
pre ee eee 


a sD a 
~ HEE eee 
| OR SP ae 


= mK FORO EL 
feted 


Mea 








po ie 
Ye tt 
ie jeeeeeseeenees 
“LET TET] [o a0] [ [ [.276 [-.02e 22s 
Pole po ed VT Stangord roughness } 
ea os poe similated split flap deflected 60 Pee le 
sige, qe Standard rouganesst- ttt tt tt 
4 ae ee le dee Standard rou@Giiess iz eek 
EO Mae Mercia hop cde lel holst dae) ceca] 
Pelee lee tea ed eile oad Sok ene acd tl eee ek ie peges 
ole NNN ee ede | eae |e de | dea. 
“1.6 “2 ee ~4 Q 4 8 L2 46 
Section lift coefficient, ¢, 


NACA 653-618 Wing Section (Continued) 






' 
e 
sam, 


, 
ty 


1 
(wy 


Moment coefficient, Cm 
tS 


Section lift coefficient, ¢. 


FHL Gi WVAsG@ SL TINS 


Nes cease eee eee 
Heil peel oe eto el ee 
CCPC See eet 2 
gl EET Tear TT ese Tt 
GO ee = 
eee eee Leese ee eee 
Pe eh leeds tie) led ieee Ped 
SN ae ce ee cal ae etcetera eae 
PPP ee 


ee ee es a tae esha ese le Peele 
Spl Ae lle eee ae Wea ee 
~32 -24. -/6 -8 O 8 16 24 32 
Section angle of. attach, «y, deg 
NACA 653-618 Wing Section 
a = 0.5 


APPENDIX IV 643 









[petal ff 


Flakes 
ott | | | ER 






Or TTT ——— ea eh 
rere ete} HERR 
CCPC et 

2 go eA 
“OQ 2 4 6 8 vo TL {it i tt TT 
x/e tol | ot TT ET 


te ee ee oe elo eee 
024 FEE CEE CEE EEE EEE 


o Be che 
COP eos er 
oqo easel pero ie ie eal 


he 


=e 


IClEN) 


I, 


Mornen?t coer 





Led 
eee er oe ea eel ee es 
-SLLLi tT tTi titi st | TTT TTT rrr Trt fy 
-16 -—(2 -~8 -.4 oO 4 a la 46 


Section lift coefficient, c, 
NACA 653-618 Wing Section 
a = 0.9 (Continued) 





644 THEOKY OF WING SLULIONS 


le . 
ed adel ted let ete et ele Wee ee 2 
TTT TT gs ttt 
S LETT er cht At 
4-TTTrrtLeLeLE TTT iA eee re 
PTTL eee yw TT Se a hy Pot 
TCE Te od ON Pt 


Section lift coefficien 
a 
ie 
fee 
ed 
es 
fees 
es 
ie 
he 
_ 
a 
i 

= S 
a ee 
iss! cs 
a 
es 
| 
wa 
Ae | 
| U 
i 
cl 
Ee 
Ee 
iz 
= 
is 
ry 
Ed 
Es 
a 
Ps 


ae v, s 
o o EET prep pet ttt 


¥ Pose Med Ay opel eee 
~2 age re Le ee eee 


Moment coefficient, Cm 


Res Petes ee dlls Pa a a 
Dope eee ee Notched ee Je Me oie aad Se 
~3e ~24 -/6 -8 O 8 16 24 . 32 
Section angle of attack, &, deg 


NACA 65.-021 Wing Section 


A 
DH 


APPENDIX IV 645 


036 
Se eee Wes 





ac 2 2 

Oe AH AE A 2 He 
eed CEE eceeccceceeee 
ait ere at ert ee 


= ide poe ba 
TT TT TIS Ala TRAE TTT TTT TY ny 7 
ot tL TNA TAL TTT Te TT 
EET TTT TRING TT NADP TTI a 

PT TTT AT Er aes 

PET Nay ee 
oo LL TTT TTT a 


Section drag coefficient, Cs 
ea 
a 
rl 
lea 
ES 
Ms 
it 
he 

wes tell 
A 
fea 
Bua 
is 
Fe 
La 
a 
is 
= 
i 
NS 
a 
ra 
| 


Re les esac! tals hee! 
oO Eee CeCe 
CEE eee 





Q 
s BL er ee ae Ao Woe dod ee oe 
eo eltode den ale We Weweheteuled) ate) Peto it eat) deer i hale 
eM tee ON ee Ae hele iaeafe rele eee 
ee leas RSet Me tes Wee eed n ed 
Sf fhe ea ge ler eb eae el 
o | Ea 207 |. Nel oe eh in 
Oe IS a aes eal as ~025| | | | | | ff. eal 
: Ee eal ; laa | | 
so Lil} iT] [¢,62 a 
Se Pes ead a 
are tee Is Re allah cia cecle 
eel bel | hates! ese ele Ay 


Ea 
eS resy eM Meco Mes eeeS) eealeaW Vay es ie set ls cals al elle heals 
eee Ne ee ee se eee oleae 
Pe ce ice eee St eee ele Nea eeelediesle ale es lee deeb ae 
“16 a -8 =4 0 4 g 12 16 
Section lift coefficient, G 


NACA 654-021 Wing Section (Continued) 


Ux 


Mornent coefficient, Cr 
A 
A 


4 
W 


poeta ek OSS Phoa ed as 


Ser en oe eee 
pre Me ecole oem des elec oh see ele lee tcalcal Shee a 
COPE oe 


Section lift coefficient, C, 
rent 
i 
a 
ees 
a 
= 
ee 
ea 
iad 
ee 
4. 
fhe ie ae 
fetal te tt | 
x eas 
taal 
fa 
a 
on | 
Ss 
fa 
Ea 
is 
Ee 
is 
es 
eal 
ae 
4 
Ba 
ba 
fo 


. a 
7co CHOC Be Cee 
Coo er perecee SE 
’ AGES 
free ME ate 


Pek | a) be Sah Re TESTO A 
FCCC PCP 
PEPE Re CS 


ales 
rede Oat ee ea ee eee eet 
see eee ese the Me eda ee Se 
oe -24 =16 -8 0 8 16 24 S32 
Section angle of attack, Xo, deg 


NACA 654-221 Wing Section 


APPENDIX IV 647 





Section drag coefficient, c, 
ES 
= 
x 
Ea 
Ea 
L- 
2 
i 
Ea 

f Ey 
po 

PA a 

Ee td 
ES 
[= 
a 
ze 
Zz 
ES 
ed 
be 
fe 
La 
= 
lm, 
Diss 
Ed 
es 
a 
Ed 
lis} 


ie N kK es 
Pt ttt TT TTT rT en tr 
ptt tT TOT ae 
eae wioLy aw parl | TT TT | 


SCOOTER 
= ORT TY 











oo eS eae a eo) del koe soe hes 
Se He eee Pe a eae Pal tak ide eared 
ee ee ee eee td 
eee Nn ae clea: ab pers Wace saie ae seeds ie let 
See ead es ye Nee el | le 
S AS lo-2edor |} ee eo | 
Gi5sitt | {| | fo éo] [ [ fe79 fice cilia you 
s CET? soy yee Sanam 
8 pale AIT aes lated split flap deflected 60° pe 
8 Cee sett PEE CCE 

- TY 6. 

4 ie 0 rae Standard roughness mee Ra 


shes Ree 
ee Si Stas blige Mee eles pe ee eae fe hal pied | 
Peed 2 eel bese sean Nock Wael Mest ble a aed ae 
-5 ees fe eed ele dea Ae dade ed 
“LO ={£2 -& -4 OQ F 8 he 46 
Section lift coefficient, ¢, 


NACA 654-221 Wing Section (Continued) 





os 
Ny 


Monen?t coeffticiertt, C,, 
oS A 
A wy 


of 
in 


Section lift coefficient, ¢, 


| PoC ae ed 
Ese Lt ae el Se Te Seale ie 
SARE} 


eles ee ae Nl 

“2O TT TTT tt tT ieee t tte te tt eee 
~G2 ~24 -/6 -8 0: 8 16 24 32 
Section angle of attack, &, deg 


NACA 65,-421 Wing Section 








APPENDIX IV | 649 


ACEP 

MEE EEE 

et EEL EEL LL etter hee 
e 4. 6 oO 


“<p jo A ee 
r/c | | [| rd ees 


096 
Pe ee 







Section drag coefficient, Cg 

ai 

a 

ey 

SS 

a 

cy 

a 

a 

oll 

| Ea 
tel ES 
ay _|/ ey 

Te 

Pe 

i 

i 

Ey 

Ea 

Ea 

Dy 

Ee 

id 

ie 

i 

| 

esl 

[ed 

Ea 

fe 

fed 


See eee ee et ee ee 
PPT TTT get tol ttle er | | | 


off eo ee ee er E 
Pt TTT TTT ryt tt 


al. 
ie 
cde 
ales 
ze 
ceil 
Eves 
Los 
Eee 
Eales 
feactaed 
Ee 
es 
ees 
es 
al 
oes 
Lede 
= 
re 
Ey 
a 
ia 
is 
| 
al 
i 
ES 
2 
= 
fee 
es 
z 


TT YT PTT TTL ee LETT TT Li ttt EL EE 
-2 TTT PPT PET TT EEE ETT TELE EEL Leet it 
Pt tt ac. position) || | |i ttt tt tt 
R 


Pt} |] tL ale y/c 
| 268 4:38 oat ein 


~ 







-O9OT TT TET tt ttt 
$f 076 Pt 
andard roughness olor 
3 oF lated split flap deflected 60° era dt ie 
-g4_t littl ip ¢ PL standora roughness| +++ ttt tt 
Orr rt ett Te ee 
Pa ete ele ee a 
pte bee pesky eee Te ee 
Ser oo: be eel ae ee ee ee eo Bae Se) 
~16 =) -8 ~4 0G 4 8 he L6 
Section lift coefficient, e, 


NACA 65,-421 Wing Section (Continued) 






Moment coefficient, Cn 
Ly bs 
Ea 
iy 
a 
x 
a 
O 
by 
S 
x 
- 


650 


| 
~~, 


c/4 


t 
Ny) 


Moment coefficient, Cn 


tl 
OH 





Section lift coefficient, €, 


THEORY OF WING SECTIONS 


Oro Toe Looe err roo 
Bees PEEEC EEE 


a TTT rr Peete 
COON 
COP See ee 
CECE CCC Toe error TT 

sett tie 

“COPE 

d 


eee dee ye (ese clea) the fle acaba spa ie sdee ale aes | 
POP Met Mees pee ee DS Pe Pes eee ed 
~J2 -24 -/6 ~8 0 8 16 o4 32 
Section angle of attack, &, deg 


NACA 65:-421 Wing Section 
a= 0.5 


APPENDIX IV 





ee of 

Ree eee eee Reese aR eee eee 
oca tt tT tt EEE TE ET TT 
“EET TET TTP at Te tT te ET rT 
at tt 


| Ee de okay) elie iS i! 
oe tt_tit i tit? a tt tt ttt eo TT 


Section drag coefficient, C, 

fa 

et 

Le 

fie 

4 

ed 

an 

a 

LO 

Ps 
RTT 
/ a ee = 
PPTL 

ca 

Ea 

= 

Ee 

ie 

a 

aw 

es 

ee 

Ea 

fa 

—— 

Ms 

el 

x 

ed 

a 

Ee 


el 

Ea a a a a Dn, <9 NO | 
SST ee ea ape 
pt | i ee ae TT 


fea eee se ee tel le 











Ee es else iG cea ie 
peepee, pera Petatt SO 
SEE eH 


ie elie 

OT Ned ae ed tea 
~004 iy 

ia Eze 

in PeNeta vr Waesee settee dc eel: ireaaect ede 

gg ele SPP Sle ede ee ee Ne ae Ne ea esl tio eee 

alee et teak of Heed ole pda et Walsh he teh efeden 

ores bi ce Ui Mel deat Pelee he id dea) bo ede 


feed este Heh LUM ei step fe We SON Me de ated ued 
eo tS eee ee eee 


651 


“/16 “6 “6 -4 O ¢ 8 he 16 


Section lift coefficient, ¢, 


NACA 654-421 Wing Section 
a = 0.5 (Continued) 





DvZ LHL) OF WlNG SLLLLUND 


36 


Section lift coefficient, 
ed 
s 
ei 
Ea 
Eg 
Bi 
= 
ei 
, a 
aa ee 
Pt tt TNT 
i 
fe 
ee 
fed 
cy 
he 
fm 
fe 
Ed 
eal 
hd 
be 
Es 
ha 
El 


: Cece tT R ore tid . 
2g OOOO CE 
Pee ie ee 


t 
f\ 
eS 
a 

es 

ea 

ES 

Lal 

Es 

ie 

rr 
al 

3 

fed 

ey 
ial 
rg 

a 

La 

ail 

ia 
al 


Moment coerticient, Cm 


ed 
caine kates eeskseeas 
PO ele Ne Wee Me I aes ale Pe eee 
me -24 -16 -8 Oo 8 16 C4 352 
Section angle of attack, “,,deg 


NACA 66-006 Wing Section 


! 
— 








APPENDIX IV 653 





cy 
C 
gy 
8 cf 
‘. 
v 
8 et te ak alee eae tsa s/e cle tele Wari 
D | 
p 
v am 
§ 
9 
e rN 


aed a 
geri ttt a ee TT 
: AL | tT 


Ee 
ott ttt tol tol be 
Rue Meee eae lola kab ieee edie toe ete ea 
Rese oo bdo at eee 

ZLeeee zx et ttt yt ttf | 


™a.¢. 
ia 
EA 
El 
os 
a 
i 
a 
zx 
ic 
me 
Eg 
x 





i bad he 
gol eat ee efor Ag Wel eed 
SSR OE EE EEaee G.c. positior 2 a ee 















\ 

= 

§ 

G 

S -Lole Lteve | wel | TTT Ty rrr 

@ le sono 11.255 |a0e7 1 ie) i a 

ge ala 

* CLIT scl GE Ss We 

g 4 a 0.20c simulated split flap deflected 60° eo 

6.0 

Wt i ee deed cet td 

Pee. eel ey called 


aes ES Le 
ped Ne ee ee ee 
See e RARER ARES EOE eee 
oot eee ee eee ed ee ot aie ola 
“L6 hie =o 4 Oo 4 8 Le 46 
Section lift coefficient, C, 


NACA 66-006 Wing Section (Continued) 


| 


/ 
~—, 


.O/4 


Moment coefficient, Cm 
4 ; oy ee 
‘ uy hy 


4 
a 


Section lift coefficient, C, 
O 
ad 
fad 
rs 
Ed 
a 
a 
Ped 
Ld 
ha 
ate ste ee | a 
ro] | | | TT 
ie betes 4 fed 
= 
= 
= 
he 
es 
a 
Nes 
~ 
¢ 
o 
cj 
Ea 
eal 
= 
a 
Ey 
a 


THEORY OF WING SECTIONS 


ote eer ese fis alate ales eMC teal leu etl ie steallet ed 
et tt 


re 

Etre. Ce 

pCO A Sr 

COC La ee 

CECT ECCI CT er 
FCCC 


Plead decile eo ied Seeded eey ces Were Me Mate ga Peed ceded dle ol ecalecal edad 

SP OU see eed eed tet ae UAE cde ele) eane she Pepe cal aa 

-32 -24 -/6 O 8 16 24 32 
Section ongle of attack, %, deg 


NACA 66-009 Wing Section 





APPENDIX IV 655 





ey La epee 
PEE EEE EEE EEE ECE 
Ot Sette tte ttt bh ht TT TT 


ee ps peeteae (hoe ca lel elettaladt cole! 
= OOS See ee ee Tr 
Sl Ph cb eo 

2 cee led é Tt 
: ttt R | ylc TP 
© 3-1 TTT le so] T1258 T .c0e FECCCEELCEEE 
ae 2 § 90 o 
eat paleo e 

RB eee eae fee 
Se 4 a 





LS Pa a a as iH 

BEER EEE EEE 

Pe ese eae ae 

= CCCEEEEEE EEE EEEEEEEEEEE 

16 ~L2 -.G -4 0 4 a Le L6 
Section lft coefficient, c, 


NACA 66-009 Wing Section (Continued) 





Gab THEORY OF WING SECTIONS 


Big eels ee ae Ena Ee 
Peete eae te elites caer ee gL OO oe Slee tell oe cicale 
Paes a Ne ae eager tele 


t 
pny | 


5 CPE Ti 
RE ee 
Are tt ie 
A Ba YG 9 
CCCCCCCCE CC ne 


Section lift coefficient, 
i 
i 
e 
iy 
= 
a 
= 
ed 
ied 
fe 
Es 

se se ea 

ee ae 
hea 
a 
I 
i 
LX 
# 
i 
a 
a 
ee 
ee 
a 
a 
LS 
ea 
Ee 


. Bi iid 
CCCCC TT | temo TTT Tt Pt 
Ete aes Peale Nem sil pele ae 
Py tee oe oie te ie et or 
ee pea eee i tt 


‘ Ci4 
Ay 
& 
ed 
Ed 
aa 
sy 
eI 
hoes 
(es 
a! 
tf 
Lio 
| fs 
ra 
“Ei; 
4) | 
Set 
z= 
a 
ea 
es 
| 
at 
| | 
ii 
Pal 
S 
ee 
Pe 
el 
Ly 


Moment coefficient, C,, 


feed 
ede tassel a ete esac ea) tees Ce Mecsas ee 
ie de Meer ed Ie dee lee des ete adh arg esa 
23e -24 -16 -8 0 8 16 24 32 
Section angle of attach, &,, deg 


NACA 66-206 Wing Section 





APPENDIX IV 657 


36 

Ee ees 
ee Ma etl 
ee ey 





ee ee ee ee pe 
7 ee eee ee eee SEES eee Reese 
PERE EEE EEE EEE REECE EEE 


pid | te 
ee CEEEEEETEBEEREEE EEE eee 
i Fae a 


Section drag coefficient, Cy 
az lea Eel 
ra 
ee fal 
eS 
ies 
iz 
i 
Eg 
fie 
et 


JERE 
Pelee pee Raises Ed 


Us 
aul 
a] 
cy 
il 
2 
i 
Ei 
O 
m § 
S 
a 
a 
a 
Ap 
on 
O§ 
oS 
al 
Ea 
hdl 
cl 
a 
fs 
fel 
B 
x 
a 
iz 
2 
i 










0.20e simulated split flap deflected 60° 


Pel lea 
_a4tt ttt loeo 
Rela eiliclbedisd|ed 
ttt TE tt 


 ECCCE EEE EEE EEE EEE EEE 


Moment coef ee, Oma ec 
S 
R 
im 
ica 
i 
i 
- 
fe 
ia 
i 
a 
es 
i 
Ed 
[i 






ake REE 
Standard roughness 
HE Stender roughness tT 


“1.6 “2 ~8 -.4 o 4 8 he 16 


Section lift coefficient, ec, 
NACA 66-206 Wing Section (Continued) 





DI 


c/4 
ue ft a! .f 
Tr ly Ny ~ 


Moment coefficient, Cm 


.t 
H 


LHLORY OF WING SECTIONS 


* EEEEEEEEEEEEEEEEE EEE EEE 

ead ee poof pa 
tee lest cee ey aed ERR SARA 

32 FEE EEE CEE EEE EEE ECE 

eee a eos eee le Ned aed poy ce 

teste sal ee ele ele ee dea ee op sy sd 

Peale elect ay chee diel Giualser 

es bales aes 


CCPC 
re EEE EEE ECE eee 


Section lift coefficient, é, 
8) 
x 
x 
i 
= 
Ed 
fed 
ea 
a 
a 
eS 
RRC 
PTR 
Re, 
fe 
ie 
Bi 
le 
K 
S 
e 
LD 
a 
x 
i 
ES 
= 
= 
ied 


eee a 
CECE EEE EEE EEE 
eEEEEEEEE HERE EEE 
tT TT ET TOP Re OO G0oY SERIE 
CECCCCC CCE a 


PO ae Je ep ee ay lie A a 
we ~24 -/16 -8 O 8 16 24 32 
Section angle of attack, &,, deg 


NACA 66-209 Wing Section 


APPENDIX IV 659 


O36 













ptt tt tT TY TT EERE; 
f+ ett tt eal ele 


SERRE TZ “AR 

\ aac 

SEPP) eee 

ae | eee a 
2 4 O 8 40 


Oo : 
tic Se RREEEEEEs 


Section drag coefficient, Cg 

a 

2 

= 

ed 

zi 

eal 

Ed 

| La 
fe) z 
Eales 

i 

Ed 

— 

Ea 

La 

fe 

Es 

bd 

| 

Be 

dl 

a 


™a.¢. 
fe 
i 
fel 
& 
te 
ie 
= 
z 
lea 
zi 
ee 
El 
i 
fed 
i? 
i 
i 
= 
a 
Es 
be 
= 
= 
ee 
| 
i 
al 
ia 
El 
i 
fal 


spp ede te Anata) ele oe ate ti lee tee Slee 
Paani tle 
Pa es 


NPE |e 10 3. Lt. x 
of ha TO OF TA sees [e0e2 aah tl 
Reece |e led Tae Ieee Seaeee 
ese Ese A el 








Moment coefficient, ¢ 


a a 

Tt ttt tt 
lis] lke Leese edd 
IE ea eee del ideale hele pl eke 
Bee sees tee es esa ele ON leah te alt eae alee deel ele teat 
Slot Te pe eet led de loa [tea ales] 

“1.6 “L2 -8 . -4 0 4 8 2 16 

Section lift coefficient, , 


NACA 66-209 Wing Section (Continued) 


An renee a | 8 ee 





¢ 
~~ 


.! 
~—e 


ye 
Ny 


Moment coefficient, Cm 


J 
16) 


THEGRY OF WENG SEULIUND 


ie liaelesleeed 


eli eee , 

16 COP eet tt 
Fe ees ese ee Mare ele lee Mee ea etd 
Redcat hee ethce ees teale Paice el ve MIS Ne 
POPE ec 

polls COPE et ttt 


Section lift coefficient, ©; 


! re 
CECE CCP 
(CLO pee 
FeCCTCCL Cr 
FTC toes CTE 
FECES CEE 
CCC ceca 
PCOCTCCECCE aA EEC PEE 
Ts ai CCOCEe Eee 


“SO -24 “16 -8 0 8 16 24 32 
Section angle of attack, X, deg 


NACA 66-210 Wing Section 





APPENDIX IV 661 


O36 
Rede stodha se ee eg 





\I_IN | aid 
PET TT TT TT ATRL IT FNatber ls tT lol et TT TT 
oop} NAN Lee (oo lar eel pi 
a Pe athe PO eal ele eae lee 
Pa Medesfemeahasltealt ee eole eee aq tt | baeK Zee ae dees 
ane ee | |e pote fe 


aie ae 
008 Cee bore TTT | td Po 
le cle ee hed) PEEP 


ag tion drag coefficient, ¢ 
fal 
a 
fe 
fea 
_ 
ie 
a 
ec 
ha 
Es 
a = 
ele ep | ol 
rl ake 
fe is) Pa 
El 
ae 
i» 
Ee) 
Ect 
Ee 
a 
EI 
ao 
Ll 
ad 
ie 
ee 
El 
a 
he 
Ee 


Ka LOK — Pe doe) += FO ao PORE 


om 
is cee EEE EEE CEE CECE EEE 
/COCEECEEP EEE 


"2.0 
LN 
= 
etic 
fis 
= 
Ee 
a 
~ 
Ei 
i 
= 
Ll 
eal 
oat 
Eales 
ed 
bal 
ja 
- 
Ea 
ra 
= 
ed 
i 
ie 
ES 
es 
fe 


yee 
PEPPER EEE EPEC 
rato ol @.c. position REVERSES 
Ee eae eae ie || ae = oof eee eal! 
eC ISIE Spe IL sh —— - pd i ee ee ae eS 


|| | ia 
Pi TT tT Tle 2o TT [.26/ =0/6 Eee da Mesilla aed 
eo eat 6.0 Stondard roughness a | 


Moment CORTE, Cc 
mn 
x 
ial 
fe 
ea 
¢ 
2 
~~ 
Ny 
Sa eRae 
- pall 
= 
fe 
fee 
a 
i 
La 
ea 
| 
Es 


Fa a a Q20e simulated split flap deflected 60° - 
V 6.0 
ne 760 111 sy ae 
* . A 
fo elcid aa andard roughness ae 


eal 
PECEEEEEEECE EEE EEE 
eee ae eae | 
<5 Pee ee eee eee 
-/.6 =e ~& -4 O 4 8 Lé 16 
Section lift coefficient, © 


NACA 66-210 Wing Section (Continued) 





662 


e 
“= 


a . .+ si 
A ly No ~ 


Moment coefficiert, Cp, 


re) 


THEORY OF WING SECTIONS 


Section lift coefficient, ¢, 

i 

a 

e 

Ls 

Ss 

oo: 

a 

ie 

ae hea eile 
nm eo 

~ Ei 
i 

Es 

x 

a 

= 

S 

ey 

Es 

e 

8 

ed 

i 

Ps 

ES 

hal 


ol COT edad Balt 
PTC rename TTT TT TT 
Per eee ce eee 
Ee ee ae ele ccc ese a eee lia 
Pee ee Wo Por tea ie ee ae ae 
a eae) ee reels 


Pe 
es ee ce eae ee ee 
Zocor eee 
“Je ~24 -16 “8 0 8 16 
Section angle of attack, *,, deg 


NACA 661-012 Wing Section 





APPENDIX IV | 663 





alo | oe aoa 


: Ciao CC 
Re No eo oie ee 

PACA EPREEEE EEE pve TT 
REIN AN Noose AA 
o2 FEAR REE 


Section drag coefficient, C4 
: 


ay ws pee ed eae 

588 Os i 0d a dO a 

PsN Nese deeh ak deel ot elle od tM ce eae de hay tg 

OL ihe bar ac ar tag sl attetep Ott 

oe oer OTT TT 

pt tt tt SEER 
a eT ee Ee ae ee 

SEE eee eee eee 

PERCE eee 






ec 
oe ere ie ee el ei 
oe od ek ea er 

YM ~ 
Be ole ele ate leale (alle ee otssepee ede st ale Iai 
Ss COCCCCcete Co wel oii 
eed Ne leaes a bef Oos| || {tt} tt ttt ty 
Ss Te eo TT 1259 i! A OO 
* peas aie) 

Cc 
o lef oe non 1 tStondarg rou pness ee 
s tase 760 eae eeeeeee 
“ATT TH PET rancor roughness 74-4 
BEE EEE 


pitt FC DG a 
CCE EE EEE EEE EEE EEE 


“L6 h2 8 ~.4 O 4 8 Le 46 


Section lift coefficient, o, 
NACA 661-012 Wing Section (Continued) 


-./ 


Momerit coefficient, Cmes4 
' J ® ' 7 
AN w Ny 


Vr 


, 
-_ = 


ae CCC PK 

ECOL CY 
AT ee 
SCO fC Bob CC 


Section lift coerfrici 

is 

Ea 

Ee 

= 

a 

QS 

het 

fe 

eg 

a. 4 
ee el 
| [| ee 4 

ial 

Le 

fe 

i 

ld 

hed 

ES 

Es! 

ea 

a 

fad 

EJ 

= 


Ll i 
ee se see tie Veep ee eae dees elects eee dae) ted 
TOLL ate errr tT 
Bele es best Mec se st oe ede ee Geese aes 
See Ree eaes eR SES 
fe dened BO cee de 


sea aes ala Pee alge late ele serail ee 
ere ete lee eae See 
=32 -~24 -/6 — -8 O 8 16 24 32 
Section angle of attack, a), deg 


NACA 66:-212 Wing Section 


APPENDIX IV 665 





S 
© 
Ed) 
= 
El 
ie 
is 
el 
mie 
ae 
| 
Ea 
el 
La 
i 
i 
a 
— 


NN ee lA] 
fale Ph SA 
eT De SINT IN er Seb Ae eel 
— PTS Sg TT TE Ser et a 


Section drag coefficient, C4 
Pa es La 
eae ee iets 
|i if 
=e 
a 
> 
a 
tii 
cat 
Es 
eS 


i fect ile 
bff be i 
fl tea) lp le Meee Seca se eae ae S| ME dea de ee 
PC EEE 
FR a a a ca le ll 
Pree IrELiT iii 
cee sess ARR Rae ASS 


"a 





Moment Coer i, c 
eo 
Ea 
id 
ia 
fie 
idl 
Ed 
O| | 

O<¢ My 
o> 
b 4 
S 
OS 
| 
i 
a 
Le 
ee 
= 
pall 
x 
ea 
Ea 
| 


ge eae | a facil oy chic 
Hp 
CE IPRS Me Ha See Mee Nlea ae (edt die Mecal hell escola eae Dead 
es COCO CEE EEE EEE EEE EEE 
-16 A2 “8 ~4 Oo 4 ro Lee 16 
Section "ft coefficient, c, 


NACA 66:-212 Wing Section (Continued) 





BU THEORY OF WING SECLIONS 


io PE 
CCCs 
Fe 2 oO 


Sectian lift coefficient, ¢, 


PEt 
>») gC eee eee 
PTT PT TTT Ie 1 ee a 
Oe 
COCCee eee re 


6 
~~ 
8 
& 
(#) 


’ 
Ry 
( 
® 

ae 
fel 
Ea 
a 
A 
Es 
= 
i 
Ls 
i 
ia 
ae 
eS 
= 
a 
hail 
Ee 
Ed 
Ea 
ba 
Ey 


Moment coefficient, Cy wis 
‘ 
‘h ws 
‘ ~ 
D % 
[a iS 
i a 
La Ed 
Es fe:) 
ta iz 
Ea Pe 
es Ea 
eo = 
te 
PT TT ah | tts 
x SEE 
PS ES Ht Se | 
sf i 
aw fl 
a iS 
Poe ol 
es 
a 
eS 
al 
ie Ed 
eg ay 
mt Ea 
cl ie 
ES Ed 
fs Ls 
ca es 
ia Ed 
oy ie 
ES ES 
i i 


=JIe -24 -16 -8 0 8 16 24 32 
Section angle of attack, &,, deg 


NACA 66:-015 Wing Section 


APPENDIX IV 667 


Is 


20 


Section drag coefficient, Cz 





oO ol py =toabeletoteasban Fo -S=ETT| 


Al 
a GS 
Pcie le ol ewe wed EE 
TTT lo 3.010 | l2esl-ool TT} TTT ttt tt tt 
JEEP ere Ee 
Poa loko lee 6.0 ‘Standard roughness oe aed 
Pee oi eee simulated split flap deflected 60 ry | 7] tL 
-4 +4 V 6.0 a4 Standard roughnes San 


I abe 
Te de Ve ese tee ele 
eae stalks gk Peal eee eh eee 
ee acer eee es dle del cree 
“1.6 “42 +8 -.4 O 4 8 L2 L6 
Section lift coef ficient, ¢, 


NACA 662-015 Wing Section (Continued) 


Moment coefficient, Cy. 





c/4# 


A 
N\) 


Moment coefficient, c,, 
4 
A 


x 
Y 


Section lift coefficient, « 


1HLOKR)Y OF WANG SECTIONS 


|} 
Py a ee ese eee eee eee eee 
See eee cece ee oe cacao cll a yp dna elie eal alee aI 


ee eee Mee Pee Me tele oo coll le ce eC ae aE tee 
pee eed a 2 ede oleae el || ileal eed ee ea 
“32 ~o4 -/6 -8 Y, 8 16 24 32 
Section angle of attack, &, deg 


NACA 662-215 Wing Section 


APPENDIX IV 669 


nh eae 
Cede Mele 





z/e selec ea Ale 
ACT ee aes Meese ae test ee hee Mees eS | ce 
ged LI ft 
nn Aaa ease ae aa R reas 
al I Wheto lilo de Sec te Te ale at ulate Ne I aD SI ie tee taal 
eee bese ale eae pee ye te Je NS The See St Ne) ee 
Pape dealt ste ALS eRe Mba al se fee lees fice eevee Aer 
PEE See eee ARERR eee Ae Ar aes 
Bee eee eile) als 
PEPPER 
pig esa a hae ote a ey nye ay A Ae pet ot 
COCA 


| ISA | pellss ts 
HEE EBACE ASE EE 
a | “py ee 


Section drag coefficient, Cz 

es 

Ey 

ii 

fat 

i 

r 

a 

ES 
a 
lest 
ae 

| | 
Sas 
Es ete te 
aa 

Ea 

rl 

Ce 
rd 
Eanes 
ele 

oy 
foe 
bal 
fells 
Lp 
Dt 
fous 
Paes 

fe 
Ed 


gees lle Molalla | [WoOrG- Oro | aes 
fete lee|e de eafet feet || i rere tt Pe eed.) 
Ended: Motes e yd cteee S| ae tl 
Pte ft 
piss Pace pial: Mates lta.) 
rae Soe ae Sled Cee rt 

= eek a O- nd YJ —4 Yt beep 
aT On a Omha eas HE dl 


C 

aa 
i 
= 
= 
a 
al 
a 
a 
Ea 
Es 
Ea) 
ca 
es 
i 
fa 
es 
fe 
a 
ha 
La 
El 
fe 
a 
fi 
i 
Ea 
ss 
i 
fal 
ie 
Ea 
fed 










E 

MWe fo ao leaped eles Ta eT delle) ae 
t. eA 

a A ial eal es Realise silica Meche 
ea IG eae aes Mele deed 
ane a | (les7j-cool TT TTT ttt tt tt 
Og oe 2 See aeeeeees 
* a eyelet ee 9.0 ca Bales ode tea) 
g Pet ae acice tt 
$ Eaesteses role aca 


_JCCEEL & Poo 
Ree Giedciale ade a ie sae ate eda 
EEE EEE EEE 

ee ees tee ane eae tects | ire i) 

-5 SEE EE EEE eee 

-“/.6 “12 -8 = 42 16 

ned lift  wilieled C; 
NACA 662-215 Wing Section (Continued) 





aA A 1 A 
A Ww Ny ~ 


Moment coefficient, Cn 


! 
GO) 


THLORY OF WING SLECLLONS 


erry Thi Ch ee ee 
Se ele eee loos boar 
oy eee Pep tt 


Section lift coefficient. 

(i 

a 

ral 

ie 

is 

ry 

sc a 
SSE CEC 
CeCe PSCC 

= 

call 

x 

to 

ie 

a 

x 

eo 

ied 

P| 

ea 

Be 


a 
eee cede te ee a eel Neca) SMe esse ee cee) 
pt We ede eee el de ee eae 
~J32 ~c4 -16 -8 0 8 16 o4 32 
Section angle of attack, &, Veg : 


NACA 662-415 Wing Section 


APPENDIX IV 671 





IA BETTY 


Section drag coefficient, Cz 
et 
Es] 
(i 
aeeaeem eA 
Ea Lesh pe 
ia +} cl 
Pt 
ei 
fe 
Es 
Ed 
a 
es 
al 
“et 


CEC righ EEC elettotab 


CAD 


JCC eee 
PERRET te ee ae 


hae eee eae eee EEA ESAS 

Se eee 
eee eae eee lea Acoli ese 

7 err peda) ECE 

pt ttt tt jo 3, al =/oo, | | | Tt ttt tt 

Sel el S02 259 | -.086 ptt tt tt 

PE ase ~.079 


es 
COT 
~ 
fs) 
ed 
Ps 
el 
a 
i 
ea 
Ca 
a 
Po 
ig 
ft 
Ee 
iz 
a 
Pi 
= 
hy 
bal 
ea 
a 
i= 
Pa 
a 
= 
a 










Moment coefficient, Cc, 


feat te Nex, ee eda 
CEE EEE eer eae sp tea 
El eee ae 
BCC CECE EEE Eee Eee 
“1.6 “A2 -G ~.4 0: 4 6 12 16 
Section lift coefficient, ¢, 


NACA 662-415 Wing Section (Continued) 





. 
~ 


at 
\ 


Moment coefficient, Cr oya 
N us 


| 
DH 


Section lift coefficient, ¢ 


THEORY GF WiNG SéELTIUNS 


om Bl ! 

COCR LV Ce 
(CULO 
COC aor TTT 
Pea ashe ee edgar cl le ea 
PCCLCCEC re LEC CE 
CCE COCO gr ot 


-32 ~24 -16 -8 
Section angle of attack, %, deg 


NACA 663-018 Wing Section 


16 24 32 





APPENDIX IV 673 


I 


| a/c Ce 
et aed ch ated ede aheel de Meee |e ode lee cl ap eo ale heal 
Ed felts eee lead eh Led 


+ 


sete tree tie 


Sectian drag coefficient, c, 


Plaab ea 
titi tio tt EEE TTT ar 


™a.¢ 
ia 
ed 
Ls 
i 
co 
Lod 
Ca 
lied 
LS 
EJ 
Se 
me 
A 
a 
Raat 
i 
eo 
ae 
hea 
ES 
a 
i 
= 
ral 
Ld 
= 
fe 
I 
iz 
ea 
a 


cf’. 


Moment coefficient, 


Ea 
is Nase lee a ele ed Pei eal de als ps 
spl eae Pe a sisi a eal es ete] 






FFP eee Peele eee ele icdeaies 
Pisce amelie a Pi doled koe 
0'3.0xl0*_| |. “H2TT1)1LLELLELLIT 

_3f-L ETT fess TTT 286 ee Nelcdeb etl 
TTL ee tL [? 22 TTT YI Tt 
ieee se : rer Ld 
SEE 82 HE ERP 
ath SE pSrenderd roughness} ++ Pica 


ed peal 
fsleedes tee teste ee Slee eae teed I Wee Rect at erolebaiban 
ele ee a er ea 
inh take taken eee wee 
“16 a ao “4 0 4 8 L2 16 
Section lift coefficient, 


NACA 663-018 Wing Section (Continued) 





a" i 
Ny 


J 
Ww 


Maornent coef ficient, Cm, 
a | 
tL 


a 
WL 


Section lift coefficient, ¢, 























eae ee 
pe ey yt 
TTT TTT rae ig 1 Ea 
TLL) eee Rat dear | |. 
Pie oe ee er oe le 





ay ieee I eeeesS 


Ce oleh dae ese ede de ee teal 
st fe sete tle des Ne ee lea ede deed 
-32 -24 -16 -8 O 8 16 24 32 
Section angle of attack, &,, deg 


NACA 663-218 Wing Section 





APPENDIX IV 675 





ed 

a ple) 

gotta er 
ot ARE a a ea I 


CCT 

Memeo ecm lee ellie: ele pails 
CCOCCNCR ARC 
COCO ENE 
ore COPPER Sa ee 
CEPR NE 


Section drag coefficient, C, 


ptt ptt IN to Tt ee ae 
oat tt Not TT ET te ee 
pt Tt Tt Spe Te 


" | 
ont tt TR Lt 


Po ics seR oe CEESISEEESY em H 
Le | PRES Cr 


memetecn, | Dh Pha a Be 
| ey it ST Ta APT ae 


CPT P REE PT PP Pere Pe 
Si lea eh i ele ea ee | 
Peele: Vel ealb alesis leuk: ean yok Nef enlace een ele) at liom cal 
eee ed cence eel West d Wee Se Cesta let 
RASA ERR RS RARER ARERR ERAS aes 
epee tec aN I ott ea tease ts eal ale Westie eyes lee ela 
ae VEN ea Need eM ae peeing ea alee alae 
tthe Plesed HEE yeji}| | it ty ttt ty 


¢c 






e202) =) il ded Teg 
“0851 | | | [TTT tt it ty 
O64 ieee ee 





Moment coer — Cc 
as 
ii 
rl 
fi 
a ae 
ia ee 
co 
fe 
0 
Q 
i) 
Pe 
i 
Ped 
Not 
= 


ees Beles deaes ds 

ellesw chee te eseap op eel es Mele eet Wee eat) opel al 

fee eee eee eee eee SERRE RERRAES 

Se ee le eet i a eae | 

-16 he -.G -4 O F 8 L2 16 
Section lift coefficient, ©, 


NACA 663-218 Wing Section (Continued) 





07/6 


.t 
fy 


Moment coefficient, Cm ays 
b us 


x 
WY 


ond lift — 


LHLONRY OF WING SLULLUNS 


wii ee ee hel ise 
Plot oe. ae pice ore i ca i 


Pde atciss ES) sea eal eed ieee desley ded 
Paes) ele Nea) alee elec esl call epee tale lee 
selec el Oe 


COO ae 
ee ee) ie a 
gi eee er asa 
SCOOT 
pest ee ee 
eae Ves , ee 4 


Sa CCE Ce ee 
Poe lek ie ay ie soe pre 
Ne Die dl VA oi poe 


= 
OCC EEE ELE 
Se ee eed 


TTT aT 


aoe 
x oe @ 
CEE ee 


Pe tee ET TT TEE EEE T ET ET ET ET EE EE ET 
-eoLittitilt~r ri ti Tt tt?Et ttt itrTit ttt ttt ty tt tf 
-32 -24 -/6 -8 O 8 16 eg 32 


Section angle of attack, &, deg 
NACA 663-418 Wing Section 





APPENDIX IV 677 





a/c Pek ee) 
TTITLI CITI TTI te 
72d ee 
"“"TTTIITTITI TTT TTT ttt tt yt tt a fot Tt 
TYTTT TTT yet te Te tt 
TT ETT ari Tt TT 


Section drag coefficient, Cy 
el 
a 
Le 
bay 
ie 
fe 
a 
- 
2 
L— 
Ee 

Ba 
a aa a 
fsa 

fa 

Ba 

= 

Eo 

Ea 

Ea 

< 

he 

ho 

ne 

ia 

i 

Pl 

cu 

co 

fal 


bal ch 
“(ook ale Ele ac eles daleses 
TTL er LL sii es 





Moment coefficient, 

us 
a 
fed 
| 
cd 
ca 
4 
i 
Oo 
a 
Qo 

call fed 

Pelee ee bee 
ie 
4 
d 
= 
x 
[me 
La 
eal 
a 
ie 
Bl 
Es 
a! 
ia 
Ey 
ea 


3 Zee ae 
ACPO” -}Sfenerd roughness} ttt. 
TTTTTPELEeEeEeT ry Tr yr ee ee 
TTTTTPTEeT TTT rr ye ee 
oe eee Ee ee ees 
-1.6 “ae -8 -.4 QO 4 oO L2 46 
Section uft coefficient, C- 

NACA 663-418 Wing Section (Continued) 


! 
~ 


4, 


Cc, 


J J | 
A w Ny 


Moment coefficient, Cn 


Jt 
o 


THEORY OF WING SECTIONS 


“EEC 
ee ee eae ee Weal eal PN tas 


Section lift coefficient, C 
Qo 
a 
ES 
ES 
Ed 
Ea 
ce 
Ed 
es 
ie 
J || 
Reka. 
Pe lel e oe 
ie Ril = 
ed 
Ly 
i 
ea 
Ed 
fe 
Lo 
La 
bo 
ies 
Ls 
i 
ed 
Ed 


i 
i 4 i Y “ea = Ad 
a = “T4 — @ —) yee ee a @2 
HTC Ser ere er ery TTT ttf 
ms wen @ / i ae ete el 


See oe le pe La 
setae she | A ode ah she eee aes 


re i ee ee ee 
elLEEEEsS  t 

ie el ele ee ee 

COT eee CE cee 


ee 
ee al eee te es eels tesen eta, eae 
cele AU Weed A) Mel als 2 e lre ede ci cle 
“32 -24 -/6 -8 O 8 16 24 32 
Section angle of attack, &, Ig 
NACA 66-021 Wing Section 


APPENDIX IV 679 










* 
‘CO 
PEP ee 
3° eo SS cree eee 
a ft | | pew eee eae 
SECO 
e witli 
0 ae 4 6 8 fo tt ttLititt_etl 

Ppicic 


a 
Cee a Oa 
COE C 
ne CLEC 
CECE CC 
FECL 
FCCC A 
qe LCL CCC 
oo $0 
FEC CEE 
FETE CEE 
Pa 
| COC CECE a eee 


Section drag coefficient, 


Cn, c 
dead 
aa 
= 
pelea 
ay 
eet 
ea 
fie 
Eola 
ae 
ze 
irl 
Ee 
a 
ee 
a 
fe 
al 
a 
ian 


oo eit 
rae elena 
ida] 


Moment coefficient, 





del delet b 


Saeaee 
eye ee oe feted ok Ae eae Sede 
dette ele let leider) ee) ets 
we ea eee we er 
6 “A2 -8 -4 O 4 8 L2 16 
Section lift coefficient, Cy 


NACA 66,-021 Wing Section (Continued) 





UdU 


c/4 


Moment coefficient Crm 
| A, : 
R Ww Ky 


.t 
Uy 


LHEORY OF WING SECTIONS 


a 
Pe 
pe 
fa 
eed 
zee 
Bae 
Pg 
is 
I a 
ae 
a 
ny 
Ee 
ad 
ed 
Pl peated 
4 | | 
RO 
et 
as 
z= 
Eo 
Pd 
ae 
- 
Es 
Bal 
Pee 
fecal tes 
La 


A 


Section ft coefficient, 
» 


Cre TTT? 
ECC 
SW f a Re 

Ev 2eeeer anes seereeeenene 


—8-— @. 6.8 690 == Orie 
ET LY CT Ar ros YP ORD 


| 


S 
ic eae eet ea led eas 


ea 
{| 
Pal 
ies 
bl 
C 
te 
x 
eo 
ae 
4 
ht 
le 
asta 
oda 
= 
a 
as 
ee 
Len 
edie 
ae 
es 
ze 


lA 


am re 
Ped CL et 
COC CCE 
HA 


ce 
yap FE 


Pt | 
oe 
| D 


x 
x 
ce 
ee 
es 
hee 
+ o- 
iad 


Pe eee a 
ee as 


-32 -24 ~/6 -8 Oo & 16 24 32 
Section ongle of attack, &o, deg 


NACA 66,-221 Wing Section 


APPENDIX IV 681 





ee es AP 
ot te A 
Poe aa Nee ae ae 
pt Tt Na te 


s 


Section drag coefficient, C4 
is 
= 
fa 
fa 
ea 
i 
i 
| 
= 
> 

2s 
pet te 
Ee ral 
i 
es 
fal 
| 
ie 
Ss 
eI 
4 
ess 
he 
he 
i 
Ey 
| 
= 
es 
[ae 


zeae Paeete sae Meta Me terete. 
Peles Meee Meee Me Melos sited: We eee ie ieee. 
A arpa irstis Pyt 


Ki 
POEL | aC Raa oey Tr 


“a.c 






HH Bape Ae 

“ VY 6.0 Stanidord r-OU ess 

ere al niet senor sa gaeeee ae 
SECC 
Seeds ees ia Ee 

os EEE EEE 
-(6 “2 -8 -g Oo 4 ao lé 16 

Section lift coetticient, ¢e, 


NACA 66,-221 Wing Section (Continued) 


Mornerit ee Cc, 

) 

SS 

i 

is 

Rea 
Mea Rae 
ie 

Ps 

ei 

ee 

me 

biel 

cS 

rE) 

* 





vl .! .l </4 J 
rm Ww fy) ~ 


Moment -.coefficient, Cn 


ol 
6.) 


LHLOR: OF WING SECTIONS 


Section lift coefficient, c; 

a 

Ea 

fe 

ed 

el 

Le 

al 

bal 

Es 

fetes) of | 

eee lies alesis 
pe ae 
i 

~~ 

Be 

id 

rl 

es 

Es 

en 

Ea 

Pe 

he 

al 

i 

cl 

ie 


-32 -24 -/& 78 O 8 16 oF Se 
| Sectian angle of attack, a;, deg 


NACA 67,1-215 Wing Section 


\ 


APPENDIX IV 683 


.0368 





Peete re 
Poe Se ele eg ed Ie ol eee dea. 
SEE EE HH 


Section drag coefficient, ec, 
red 
co 
es 
ey 
Es 
a 
ai 
= 
a 
a 
bl eae ee I 
tee aes Pod 
Eas Pas 
= 
ce 
= 
= 
Led 
eal 
cy 
is 
a 
a 
Eo 
a 
iis 
fe 
a 
i 
is 


oy 
ptt AE TOT Ta TTT 

Se Ty eI et eo cd 
Pde es Ph es FOr 1 tee a 
a aI ee le Nee) 


ae ek eeee _ | | Ae | aaa 
eed tees eesee Ge dee Meee oy [el eseded 
fect eee te Ld biseM wees Meier alee ge bes) aie leu) 


a a a ele Ab TT 
fbeeMeete eee ole ie Male ied age saree ec IT ec a aca 


ye lest se pale eee ea te ew Wel deal oleae 
on (ae es Pe Ds Vessd od We eerie eee ale esta 
ae eae Pe eae lel e ases sep tL 
oleate ed che gil Iie feb ee Jat ee I ILA WD tee deed 


me a 
sree e tT rt Tir rer ee 
Tey ttt ia ee 
Heer eccrine 
fe COE 
-.065 ae eee 










Moment coefficient 


Patel es) ef a ead ie all st See fetal esto eed See Se ah al 

Peles eats ate ede eal le ese lead otee e Ueda ae ela) 

Nf eae oe | 

“16: “2 20. —4 0 4 8 42 46 
Section lift coefticiert, e, 


NACA 67,1-215 Wing Section (Continued) 





634 


Moment coefficient, Cm. 7 


© 
me 


oS 


~ 0.1 


- 0.2 


- 0.3 


- 0.4 


Section lift coefficient, c; 


0.4 ere Hee ered ABUGAEPAEHaPHGecTeGHaT HATH di 
woes ace ee 
-0.8 | 


1.2 


THEORY OF WING SECTIONS 


2.8 








_ 20¢ sinilated ‘aplit 
flap deflected 60° 





R A 

46 

Vv 6x10 
Seti een PREP EEL EE 
ea EET 
eo Ht fe es Se 
Pas ebetel- Ce egee ee REE EEE 
Wr Gs ne ee ED a 7 em a St Gt tt 
Pela bal Perera se( 7 [Spe eeTe Ts [iD ede Pied alia ated 
6 ee 
peTEEE Ege Ee eee 
Jager Le 
eee re 
at APE Pe seeps 
Pech iseL Peek Da 
Ae eee 
ER bale ba 


EMERGE eee no gL Psi [ es oe ; 
0. § Eats tiie elas pied i eee Set he ba sepeaee Sete 


Pare: Pele aah 
eT eT 
rea ee aera 
oy 
4g a aaa 


Ban 
ee qa a 6.0 x 106 
Ca ge ao 
9 Pees 2 pent Hae (aa 
i aE Ea gE Et deg te tt ie 
2 Reo 6 tn Outer Eu 
ee euemee name. < tae 4 


2.4 





















mae egGeeee 




























mdard roughness 


















CER Pee 
AE A A 
Fe 
age fi ER Ee a 
Ca EE Te 
za ES i ae 

HEN IE SLR Orv Me 
ae earl ete eae 


































opie 


2 EE 
0.20c simulated split | 
flap deflected 60° 
~16 i: 
-24 —16 -8 0 § 16 24 


Section angle of attack, @,, deg 
NACA 747A315 Wing Section 


rn ET So RUS 


00 we am EE BE 


APPENDIX IV 685 





PAPE EE ee eee 
2 ce me 0 
eet EEE eG eee 


0.028 Fee Eee Ee aaa 


dee mtane 


cee Rk of 
tre deowe 


+oee 
@ste 
age 
tee 
ceeebe 
- ease 
“6 
tues Pete GB -vta- pieces 


we Pe we 


ote OMe Frage 
bene be om dt one d MB-  e . we tenes 





. -— 

+e : i = teem ee Fr 

* * sheer eg sca hop ia 

. u “Pewrtie eet e-g - nes ber dc ebee ns aa 
ale ek me eOe eh e ete bay the se bans ot Be gat Ramee ha reheat aa . wee 

e eee =@re ew . se e 

qn eeerte ete rr. * -#f peeves eRe tee gakwe @e «ee ene wOetataaas 
SLES eae > ety es sqgSege begs weeoGs + ee Bree teushow oe .¢ 


Section drag coefficient, cy 


Moment coefficient, ome ¢. 


2s 
. t 
a4 & ‘ vate 
* . * os 
O 0 2 Fee Powis vats 
4 1 akg ed ere ed -oee yes 
treed eos e ef eas ee 
wee ergets ty 
ewe be aeegar te eat 
Pry =o : 
. 


t 
S 
hm 


‘ 
© 
bo 


tT? 
$at- ——~ 
=a 
ghee 
tom a3 * 
s¥e 
pe tf 
Fa 






0.000 (ee Ae eed 
Ph feb Ea ESL anh sara rpudmens 4 
| SMe DE 

oor | cepa es Voy VN 


ee Pe 


HeGer es ee 
oe a 


eeee 74th eo oe 


Ey a eres 


eS roo Peper 
ss Se 
Coe Fr eseae care a a 
eae ey Ps 


EEE iS 
co ee 


7 ee eee 
EES OT ET EST a UTR agi PE a a 
Ee Eee ca EE eee Te 
an Soe ee HE a nee 

i atte Titian tt tts tits ; 
Seopa nt eee aE cana Aa crime Pa 
PUTT ATH TE HEEB ER a A HR read inated ites streets tee feast at pet ah 
te SSE ee eed 
TTT RE TE ae acide fee ein eae tasted 
PTET HTT B.C. position fea aaa ta 
ii teredet ret Peo Ren we y/o RSet deer pe 
fall a ae HE & . 262 cop.‘ eaue Eada 
FREE ERE RETA EaU 3 aH 3 : ; *262 : sii HH Hest Petits 
(ean eee ad “53 o¢ 

Eun TG ee endear aH HEE oe pe siiiit 
9 ee fe Hf Peete oc ae 

RHEE ERE et nine eles ister ptr HL RE cial 
* eee eee 


-16 -12 -08 -04 0 0.4 12 1.6 


Section lift coefficient, c, 
NACA 747A315 Wing Section (Continued) 


rae - 
e wpe 


ay et 32 


b30 


e 2 


Moment coeffictent, Cme/4 


© 
ba 


© 


i 
So 
beg, 


i 
> 
bo 


Section lift = C) 


THLORY OF WING SECLIONS 


0.20c¢ simulated 8 Lit 
flap deflected 00° 
Sat 

vy 6 x 10 

p Standard roughness |: 
o> x 10° J 





























Pee bpeks 
a sree 
EERE FP ee 
1 COLE EEE EEE SL gee 
CLOE er nr a eee 
SE EE GE ea 
SEE pee 




















"E PERE Ce eae 
ee bagibe chet 
Eee pT Eg 
ee ge 


Pe RSE ee ae 
AER ig it cee 
0 SCARE ee oer 
ee ee 
he Ea ia + ; Re ba joe | 


ope USE EELS 

HE ESET Ne eee 
Se See Tee aT ED oe eR me | ects 
Rg 

PERE eES Rebel sg PE ee cd 
0.8 Pa ee Ny be EZ RTC EAT aE SSE STEER EE 
OT ATETN CSREES 
Pf RET DA Me 7 
CEPR Tt reel SSS eee 
12 a fee et 
0.20c simulated split De SITET Sa! 
flap — 60° - Se Hy SES 

Ee Hae EE Lit ne SETH 
~16 Sex = 466 ree epee 


~24 -16 =-8 0 & 16 24 


Section angle of attack, 0, deg 
NACA 747A415 Wing Section 


0.4 































































































ene ae 


i Ce EE ate i 


—{—i<— 


APPENDIX IV 687 


0,032 SS ee 
ee ee care ee 












0.008 a 
~ 0.024 | ee 


SS es 


som HEE EE fas 3°0 = 
(020 Fret heb: obs Pe rpe A Standard roughness sel ZEN Suet 
EULER EE lg 6.0 x 106 SRCTINTRS 





Aree Pe Pade ole ed SN LEE 
vet te ee ea 
016 eee ee Pare Per lei 

SLE EEE TT Ag Petet LE 
SEE ER PER EEN EE LE pe 
Ce ea i 
PEEL DERE BE Se ee 
CELT ETB Re See aa es 

PETES CE eee 
Ce PE ES 











Section drag coefficient, c, 





So 
S 
ma 
bo 











Sea EEE ok aa Pci PR 
eee fr ne 
firs aH SE a Pelee 


tidy ry : a rh 

aii eaeaeee See ee motor tt 
SCS eee Hae Peter deh Gal Lane 
Peng See eee eee eee A ie eels Pees ees 
STATE ene a eS ee poe Te 
eT eee eee ee eT Tee ee ee ee eee eee eee ee ca 





























¢ Ce ee lle taemg 
& PE eT Qe autt RT Rt et eee ees 
= PEW TET TE aE Ce STR HEE eT An aS 
Sad Ee a eo 
§ Ol EE a Woted aden (at 
a PTE TUT TE @.C. position 
e Fee R woo W/o EF 
phos . 

8 og WHA AESTTET, 99,0 x 20°» .260 =,002 

< Pe OBE Ra ati o 6.0 0260 001 

: a 26, 1018 

S THERE ESTE Tae ecELEeT hs ssectunecteetpsoguneeebasaedgeabec ead bug ct 

= CREEP ere pepe 





4 
S 
G9 


-16 -12 <08 <-0.4 0 0.4 


Section lift coefficient, c, 
NACA 747A415 Wing Section (Continued) 


INDEX 


Ackeret, J., 268 
Adiabatic law, 249 
Aerodynamic center, experimental, 182 
theoretical, 69 
wing, 9, 19 
Aerodynamic characteristics, experimen- 
tal, 449 
Airfoils (see Wing sections) 
Allen, H. Julian, 65, 164, 194, 202, 236 
Anderson, Raymond F., 9 
Angle of attack, 4 
effective, 22, 25 
ideal, 70 
induced, 20 
wing, 8, 11 
Angle of zero lift, experimental, 128 
theoretical, 66, 69 
approximate methods, 72 
variation with flap deflection, 192 
wing, 16 
Aspect ratio, 6 
at high speeds, 296 


B 


Bamber, Millard J., 234 
Bernoulli’s equation, 35, 251 
Birnbaum, Walter, 65 
Blasius, H., 87, 96 
Boshar, John, 20 
Boundary laver, 80 
compressibility effects, 109 
concept, 81 
crossflows, 28 
laminar, 85 
Blasius solution, 87 
characteristics, 85 
separation, 83, 86, 93 
skin friction, 87 
thickness, 89, 92 
transition, 105, 157 
velocity distribution, 87 





Boundary layer, momentum relation, 90 
slip, 83 
thickness, displacement, 89 
momentum, 92 
turbulent, 95 
pipe flow, 95 
separation, 83, 103 
skin friction, 97, 174 
thickness, 102 
velocity distribution, 97, 100 
Boundary-layer control, 231 


C 


Cahill, Jones F., 206, 221 
Camber, 65 
application to thickness forms, 75, 112 
design of mean lines, 73 
effect of, on acrodynamic center, 182 
on angle of zero lift, 128 
on lift curve, 132 
on maximum lift, 136 
on minimum drag, 148 
on pitching moment, 179 
on profile drag, 151, 178 
induced, 28 
shapes and theoretical characteristics, 
382 
Chaplygin, Sergei, 258 
Chord, 113 
mean acrodynamic, 27 
Circular cylinder in uniform stream, 41, 
49 
with circulation, 44, 49 
Circulation, 37 
lift, 45 
thin wing sections, 65 
vortex, 43 
Complex number, 47 
Complex variable, 47 
Compressibility effects, 247 
boundary layer, 109 
drag characteristics, 281 
first order, 256 


689 


Compressibility effects, flap effectiveness, 
281 
lift characteristics, 269 
pitching-moment characteristics, 287 
pressure coefficient, 257 
wing characteristics, 268 
Conformal mapping, 47, 49 
Conformal transformations, 49 
Continuity, 32, 38, 249 


D 


Design of wing sections, 62 
Designation of wing sections, 111 
German designations of NACA scc- 
tions, 118 
NACA four-digit sections, 114 
NACA five-digit sections, 116 
NACA modified four- and _ five-digit 
sections, 116 
NACA l-scries sections, 119 
NACA 6-scries sections, 120 
NACA 7-scries sections, 122 
Doublet, 41, 49 
PDownwash, 9, 20 
Drag characteristics, 148 
calculation, 107 
compressibility effects, 281 
minimum, 148 
roughness effects, 157, 175 
section induced, 25 
variation with lift, 149 
wing induced, 16, 27 


E 


Experimental techniques, 125 


F 
Families of wing sections (see Wing sec- 
tions) 
Fischel, Jack, 218 
Flaps, 188 


external airfoil, 215 
leading-edge, 227 

plain trailing-edge, 190 
split trailing-edge, 197 
slotted trailing-edge, 203 


Flow around wing sections, 83 
at high speeds, 261 

Fluid, perfect, 32 

Fullmer, Felicien F., 231 


G 


Garrick, I. E., 63, 258 
Glauert, I1., 9, 65, 67, 192 
Glauert-Prandtl rule, 256 
Goldstein, Sidney, 63 
Gruschwitz, I., 103 


H 


Harris, Thomas A., 218, 227 
High-lift devices, 188 


I 
Trrotational motion, 37 
J 


Jacobs, Hastman N., 194, 260 
Jones, Robert. T., 296, 299 
Jones edge-velocity correction, 11, 25 


IN 


Kaplan, Carl, 256, 258 

Kaplan rule, 257 

Karman integral relation, 90 
Karmiain-Tsien relation, 258 
Keenan, Joseph H., 109 
Knight, Montgomery, 234 
Koster, H., 230 

KXrueger, W., 230 
Kutta-Joukowsky condition, 52 


L 


Laminar flow (see Boundary layer) 
Lanchester-Prandtl wing theory, 7 
Leading edge, 113. 
Lees, Lester, 109 
Lemme, H. G., 230 
Liepman, H. W., 268 
Lift characteristics, compressibility effects, 
269 
design lift, 70 


INDEX 


Lift characteristics, experimental, 128 
ideal lift, 70 
maximum lift, 134 
theoretical, 53 
wing, 3, 8 
maximum, 19 
Lift-curve slope, effective, 11 
experimental, 129 
theoretical, 53, 69, 256 
wing, ll , 
Limiting speed, 254 
Loads, chordwise, 53, 60, 73, 75 
flaps, 236 
plain trailing-edge, 192, 236 
slotted trailing-edge, 215, 221 
split trailing-edge, 202, 236 
spanwise, 9, 19, 25 
Loftin, Laurence K., Jr., 157 
Lowry, John G., 227 


M 


Mach line, 248 
Mach number, 81, 248 
critical, 259, 261 
(See also Compressibility effects) 
Mean lines, 382 
(See also Camber) 
Millikan, C. B., 938 
Moment (see Pitching-moment charac- 
teristics) 
Motion, equations of, 32, 85 
irrotutional, 37 
Munk, Max M., 28, 65, 72 


N 


Naiman, Irven, 56, 74 
Navier-Stokes equations, 85 
Neely, Robert H., 20 

, Neumann, Ernest P., 109 
Nikuradse, J., 99 

Normal shock, 254 

Noyes, Richard W., 215 


O 


Ordinates of cambered wing sections, 
406 


691 
P 


Pankhurst, R. C., 72 
Pinkerton, Robert M., 61 
Pitching-moment characteristics, 179 
compressibility effects, 287 
theoretical, 66, 69 
approximate, 72 
wing, 4, 16, 27 
Platt, Robert C., 215, 226 
Pohlhausen, K., 93, 106 
Prandtl, L., 9, 20, 85, 96 
Prandtl-Glauert rule, 256 
Pressure coefficient, 42 
Pressure distribution, theoretical, 53 
approximate, 75 
empirically modified, 60 | 
Propeller slipstream, effect on drag, 170 
Purser, Paul E., 218 


Q 


Quinn, John H., Jr., 234, 236 
R 


References, 300 

Regier, Arthur, 109 

Reynolds number, 81 
(See also Scale effect) 

Reynolds, O., 95 

Rogallo, Francis M., 202 


S 


Sanders, Robert, 225 
Scale effect, 81 
aerodynamic center, 182 
lift-curve shape, 133 
lift-curve slope, 129 
maximum lift, 137 
minimum drag, 148 
profile drag, 151 
Schlichting, H., 105 
Schrenk, Oskar, 233 
Schubauer, G. B., 105 
Sections (see Wing sections) 
Sherman, Albert, 20 
Shock, normal, 254 © 
on wing sections, 263 
Shortal, Joseph A., 227 





i 
VUa 


Sinks, 39 
Sivells, James C., 20 
Skin friction (see Boundary layer) 
Skramstad, H. K., 105 
Slats, leading-edge, 225 
Slots, 227 
Sound, velocity of, 249 
Source, 39, 49 
Speed, limiting, 254 
Squire, H. B., 101, 109 
Stack, John, 272 
Stagnation points, 45 
Stream function, 36 
Stream tube, compressible flow in, 249, 252 
Streamlines, 36 
Superposition, 39, 75 
Surface condition, 143, 157 

effect of, on drag, 157, 175 

on lift, 143 
on transition, 157 

standard leading-edge roughness, 143 

Sweep, 296 


T 


Taper ratio, 11 
Tani, Itiro, 20 
Techniques, expcrimental, 125 
Temple, G., 258 
Tetervin, Neal A., 102, 103 
Theodorsen, Theodore, 54, 63, 65, 70, 109 
Thickness distributions, 309 
effect of, on acrodynamic center, 182 
on angle of zero lift, 129 
on lift-curve shape, 133 
on lift-curve slope, 132 
on maximum lift, 134 
on minimum drag, 148 
on pitching moment, 179 
on profile drag, 148, 178 
Thickness forms and theoretical data, 309 
Thickness ratio, effect of, on aerodynamic 
center, 182 
on angle of zero lift, 129 
on lift-curve shape, 133 
on jift-curve slope, 53, 132 
on maximum lift, 134 
on minimum drag, 148, 178 
on pitching moment, 179 
on profile drag, 151 
(See also Wing sections) 


PHEUEKY OF WING SLULIONS 


Trailing edge, angle, 117 
effect of, on aerodynamic center, 182 
on lift-curve slope, 132 
definition, 113 
Transformation of circle into wing sec- 
tion, 50 
Transient conditions, 133, 143 
Tsien, H. S., 109, 258 
Turbulent flow (see Boundary layer) 
Twist, 11 


U 


Ulrich, A., 105 
Unconservative sections, 175 
Uniform stream, 39, 49 


V 


Velocity, limiting, 254 
Velocity potential, 38 
Vibration, effect on drag, 173 
Viscosity (see Boundary layer) 
von Kiirmdn, T., 82, 90, 93, 109, 175, 258 
Vortex, 42, 49 
system on wings, 9 
Vorticity, 37 


W 


Weick, Fred E., 225-227 
Wenzinger, Carl J., 194, 202, 215 
Wing sections, combinations of NACA 
sections, 123 
concept, 8 
experimental characteristics, 124, 449 
families, 111 
NACA four-digit, 113 
NACA five-digit, 115 
NACA modified four- and five-digit, 
116 
NACA I-series, 118 
NACA 6-series, 119 
NACA 7-series, 122 
ordinates, 406 
unconservative sections, 175 
Wings, 1 
aerodynamic center, 5, 19 
angle of attack, 8, 11 
angle of zero lift, 16 
applicability of section data, 28 





Wings, aspect ratio, 6 

drag, 3, 16, 27 
induced, 8, 16, 27 

forces, 2 
lift, maximum, 19 
lift-curve slope, 11 
lift distribution, 9, 25 
pitching moment, 16, 27 


INDEX 693 
Y 


Yarwood, J 258 
Young, A. D., 101, 109 


Z 


Zalovick, John A., 168 


